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1.0 IWaODOCTIOM 


1.1 BACKGROOn) 

Task 31 ~ Ccapoaeiit Eraluaftioa vas perfcaKd tor JSC to deteraine 
the c^plicahility of off-the-shelf devices in the S|)ace Shuttle power 
distrlhution and control system. Detailed selection of the test require- 
■ents and candidate devices to be considered in this program was estab- 
lished in an agreement bet«e«i JSC and Roswell ^ace Division. 

o The Bodmell ^ace Division power distribution and control 
system baseline configuration included power switching coapo- 
nents wfaidi have not been evaluated for space implication. 

o The detailed characteristics of the proposed switching devices 
were not well enough defined to determine interfacing requize- 
■ents. 

o JSC had been in the past and was currently involved in develop- 
mental programs aimea at providing improved spacecraft switching 
devices. 

o JSC had the technical e]q>ertise and '*^he laboratory facilities 
to accomplish the task. 

o JSC had already invested 6 Civil Service man-months, 6 support 
contractor man-months, and $l60,000 in programs that would 
contribute directly to this effort. 
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1.2 OBJECTIVE 


The objective of Task 57 for JSC to perform deslga analysis, 
tests, and evaluation of selected power switching coaponents to deter- 
siine the possible applicability of off-the-shelf hardware to Shuttle, 
and to evaluate the various characteristics available in those devices 
to determine the most desirable characteristics for the Space Shuttle. 


1.5 SCRESDIS 


On April 17, i/.'5, JX submitted a program schedule of major mile- 
stones for fesk 57 in an effort to assure that the program objectives 
would be effectively met. The milestones were discussed and mutually 
agreed upon by the cognizant HASA and Rockwell UEUiagers for WBS 1.5 .k.6. 
Dne to hardware delivery delays by coopaaent suppliers, some of the 
original milestones could not be met. These milestones were amended by 
mutual agreement of the WBS manag>;.rs with the understanding that the 
objectives of Task 57 could still be fulfilled. 

Due to additional hardware delivery delays by coaponent suppliers, 
two oT the four RFC (reonte power centroUer) designs originally cited 
for evaluation will not have significant data generated throu^ tests 
in time to meet the milestones of this task. Tests on these RPC's, 
as well as evaluation of other hardware as it becomes available to NASA, 
will be continued at NASA facilities, and data and analysis will be 
provided to Rockwell to support Shuttle procurement and development 
activities. The .':-nal schedule for Task 57 was as follows: 



Requirement 

Re ponsibility 

Doe 

Date 

Actual 

Date 

Initiate Hardware Procurement 
and Tests 

JSC 

10/72 

10/ -2 

Establish Shuttle Environmental 
Requirements 

Rockwell 

2/T2 

Open 

Provide Preliminary Test Results 

JSC 

9/73 


Provide Interim Report 

JSC 

12A3 

12/15 

Provide Final Report 

JSC 

3A^ 

3M 


Preliminary enviraomental requirements were established by Rockwell 
in most areas so that testing could progress; however, cookie te require- 
ments definition has not been officially provided. Some changes in 
test requirements were infoimally requested by Rockwell engineering as 
they became known, and these were incorporated into the test programs 
where feasible (see individueO. test activity section 5*2). The submittal 
of this final report satisfies the JSC milestones of this task. 

2.0 COHPOHEBT SELBCTIOM 

2.1 SELECTZCR CRITERIA 

Tbe cooponents were selected for Task 57 evaluation according to 
several criteria, the main two criteria being the Shuttle requirements 
and the feasibility/availability of hardware. 

2.1.1 Shuttle Requirements 

The Rockwell power distribution and ;cntrol system baseline con- 
figuration included RPC's, RCCB's (remote control circuit bresJcers), 
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and very high current d.c. cootactoirs in addition to the hardware 
qualified in past programs. RCXS's and high current d.c. contactors 
are devices that have been used on aircraft programs but never tested 
for space application. RFC's are essentially a developmental device 
with no program applicatim history. 

*?he Space Shuttle systems' physical sizes almost force the distri- 
bution system's designer to use r^aote control switching devices to 
eliminate many pounds of power distribution wiring. !Qie ever-present 
overload protection req\iiremsnts conbined with the desirability of 
the remote control make the BPC's and BC^'s very attractive potential 
Space Shuttle hardware. The power profiles for the Space Shuttle 
presently require d.c. power distribution for 15-20 kilowatts of power, 
far above past spacecraft levels. D.C. contactors of 500 amps or more 
will be required to manage the power sources for the Shuttle. 

2.1.2 Feasibility/Availability of Hardware 

Another factor in the selection of conqsonents for evaluation was 
the feasibility/availability of the hardware. JSC had several different 
designs of RPC's already on contract for developmental projects. It was 
felt that these units had enou^ variety in design characteristics to 
evaluate RPC's without further procurements. RPC's of current ratings 
higher than 10 azips have been proven feasible by several mantif acturers : 
however, the availability of those units wculd he dependent on o. -signi- 
ficant amount of develoictentel dollars and so coulc not be included in 
Task 57. 
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RCCB's have not been applied in spacecraft systems, bu+- are used 
on several cooBercial aircraft, making thejt not only feasible but cosh* 
mersially avcdlable off-the-shelf. High current d.c. contactors rated 
at ^00 amps and greater are available from s<»e aircraft and grovind 
systons programs; however, no spacecraft experience near these ratings 
is to be had. 

There are no special requirements on Space Shuttle toggle switches 
that cannot be met by past proven devices. The cost associated with 
spacecraft developed switches, however, is excessive in coaparison to 
aircraft qualified iinits; therefore, some MIL-S-395Q aircraft type 
toggle switches were procured for evaluation as a low cost unit. Con- 
taminatic'n, contact degradation, and other problems present with any 
electromechanical switch make a solid-state switch vez*y desirable for 
Shuttle application. A JSC research and development program applied 
several versions of solid-state switches for evaluation, and two addi- 
tional rotary solid-state switches were obtained from an Air Force 
developmental progx*am. 


2.2 COMPONENT LIST 

Components were selected for evaluation in Task 57 according 
to the criteria of section 2.1. General descriptions of the selected 
components are given in the following peuragraphs. A detailed list 
of components to be evaluated in Task 57 > including vendor model nusibers, 
is given in section 3-0 - Evaluation Activities. 
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P.2.1 Remote COQtrol Circuit Breakers 


One device selected sis a prime csuldidate for use on tiie Shuttle 
to meet some of the remote switching and protection requirements is 
the RCCB (remote control circuit breaker) as developed for conanerciatl 
aircraft application. An RCCB is basically a combination of a relay 
and a circuit breaker, and can operate as either or both. It utilizes 
coils (intermittent duty) and contact mechanisms in much the same 
manner as relays and contactors. 

RCCB's utilize bimstsillic sensing of overloads much the same as 
thermal circuit breakers. When triggered by movement of the bimetal 
due to heat generated by overcurrent, the appropriate mechardcal latches 
will trip the RCCB to an open contact por’tion. Electronic circuitry/ 
conq)onents are enq)loyed for power supply, coil suppression and logic 
requirements to obtain proper operation. 

The basic operation of the commercially designed RCCB's centers 
around a single wire, ground switching control line. Utilizing input 
line power to perform the logic and coil operaticxis, the RCCB controls 
its contactors such that if the single control wire is grounded, the 
contacts are closed, and if the control wire is opened, the contacts 
are opened. Wliile in the closed position, if an overcurrent conditica 
exists, the bimetal sensor triggers the trip circuitry to open the con- 
tacts. Resetting the RCCB after a trip is accon^jlished by merely cycling 
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the control function off and hack on. Details of the designs and 
operations of BCCB's are given in Cutler-Haomer Bulletin 7204 HB-IA, 
February 1972, and Texas Instruments Technical Product Specification 
No. 181. 


2.2.2 Remote Power Controllers 

For the past 8 to 10 years, designers have worked towards pro- 
viding a solid-state power control device to replace the conventional 
electromeclianical parts. The culmination of tiiese efforts appears to 
be the RPC (remote power controller). This device is a sophisticated 
power control d« vice that includes many features over and above the 
tum-on or off and overload tripping provided by relays and/or circuit 
breakers. The detailed operating (dioracteristics of the particular 
RPC's to be evaluated in Task 57 vary from one vendor to another, but 
all have the same general intent. Uie RPC is congiletely solid-state 
in nature, using no moving contacts . The RPC has a current sensing 
circuit that feeds into the control circuit to provide overload pro- 
tection. In a.c. units, the overload protection is siiq)ly a turn-off 
function, whereas the d.c. units generally include a current limiting 
capabili^'y in additicxi to the turn-off function. The RPC also has an 
overload "trip** indication circuit that can be used for monitoring and 
management of the distribution system. Other specific operational 
characteristics can be detezmLned by the requirements given in the 
specific design specification for each RFC design. 
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2.2.3 Pa&el Mounted Switches 

Design analysis and modifications are a continuing process in 

toggle s^'itch application, with engineers sti-'.*ing for designs, menu- 

> 

facturing processes and test and inspection procedv:"'S that could 
eliminate or minimize prchlems associated with panel mounted switches. 
In addition to designs which ha«re been developed for space application 
after unique space problems were experienced, several other designs 
qualified by aircraft programs have been selected for evaluatlcm. mainly 
as a possible low cost con^onent. Developmental so^d-state ccmqionents 
will be evaluated eis they become available. 

2.2.k Power Contactors 

A survey r® off-the-shelf hardware capabilities to switch d.c. 
current.', in excess of ^00 as^eres indicated very little ejqjerience in 
this area was available. The only candidate off-the-shelf hirh current 
d.c. device uncovered for evaluation was a Hartman reverse current cut- 
out unit. A modified, of this unit was procured that included 

a hermetic seal end overcurrent cutout characteristics. 

3.0 ^ HT Y 

5 .1 EVALUATION AT PROACH 

The general approach for Task 57 component evaluation efforts con- 
si. ts of test requirements establishment, lab test activities, and data 
analysis. Establishing the Space Shuttle test requirements has proved 
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to iiQ>ossible to tiae. Changing alssian req^xireaents, aa^tt: 
vdiicLe and engine diaracterlstic& aodiflcatloas, as ae. ^ as dUanges 
porograa consideratians to clace aore ^^taasla on the inflnences of 
coGt and vei^t baive all ccntrlbiited to the problea such tlat Hocksell 
has iu>t provided fira test requimentc for Shuttle cocld be 

applied to 3bsk 57- the purpose of cfctainlng soae tiaely evalva- 
tion data in Task 5?, houever, toe best availehle requireaents deflni- 
tioR was pat together froa HockwelL data and data frcoLdSC Test Division 
aocaaentatioei. These test reqoireaeats are being used for %isk 57 
efforts, sad .will be iqidated as aetoal requiroiHats becooe better 
defined. Table X lists the reqgaireaents as established for fbsk 57- 

Lab activities on any one cca^onent do not necessarily involve all 
of the test requireaents listed in Table I. The first st^ for eadi 
coapon^t to be evalxk.ted is an analysis of the coapoaocait's test history. 
tbof cf the cooponents have had docuaaited test prograas run (m then, 
and these prograas are evaluated a^^inst the Shuttle requireaents to 
establish a delta test requireaent for the individual coapenasts. Soae 
Shuttle irequireaents aay be eliainated frea the Task 57 efforts due to 
known desf gi characteristics f c..- a paxrticular conponent, or due to 
siailarity of design requireaeats iaposed by two or aore tesos . Ihe 
specific test plcn for each coapoaent for Tsisk 57 is to be included 
in the test activity report for that coopon^t. 
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During and CLfier the test actiTities, data anal^is is to be pci> 
foraed to detendne ihe <d>ilit 9 ' of the cca^onents to aeet the test 
requir»ents. the analjrsis effort will contain ■iniftl failure analysis, 
since tL^ purpose this program is generally to investigate existing 
hardware designs for their possible direct i^pUcability. 

3-2 ncENTa ssaaa 

Ihe basic activities for Task ^ have been coqionent selection, 
test requiroaects definition, hardware procur^ent, and laboratoxy 
testi:^. %e following list gives the vendor's model nnribers of the 
ccapsneots selected for evaluation according to the criteria of section 
c.l. A status of activities on eadi coiQKXicnt is preseited in the 
par 3 gra{hs fcUoring the list. 

o Remote Control Circuit Breakers 

Cutler-Haamer Mk:del 9c. SM 600 BA XXX A1 
Texas listruments Model 9o. 3 1-B 

Texas Instruments Model Ho. 4 BC L-A. 
o Remote Power Controllers 

SCI ELectrooics Inc. Model He. 10 l/l and 10 l/^ 

SCI Electronics ]nc. RliCs for HAS 8-26082 (no aiodel mmber) 
Teledyne Relays Model Ho. 675 -lOOOX 

Leach Corporatluu RPC's for HAS 9~12000 (no model nuBher) 
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o Moimted Stritdies 

CuULer-BBMer a^Ox fie 
Micro Suitdi FflU x 7Ll»x 
Bdisoo Blectroiiics P/M :qQOO-XXX 
Texas Instruaents P/H IXLSX-X 
EDC Model Mo. 8-OdC-^l 

Raven Electronics Model Mos. 2SQk, 205B^ 2Q2C 
Singer Eearfott SoUd State Snitches <I«S ^1%^) 
o Paner Contactor 

HartHa Model Ho. ilH>7il 

3 . 2.1 RCCB EvaluatLon Status 

ROCB's were procured Piitlii 1 ITiiis 1 and Teams Sastruaaots as 
the only tvo ■enufacturers pres^tly in production of this faaily of 
tiarduare for coasercial a^llcation. The Cutlo>Baaaer BCCB's are 
being applied in the PC-10 and Texas Instments BCCB's are used in 
the L-lCll aircraft. In order to establish the test raqiiixenmits for 
Shut^tle ev8d.uatioc of these aircraft qualified coBpoDents, the vendor 
qualification test repoits* were ccopax^ against the Shuttle require* 
meats of Table I. Ibere was an adequate test history to provide a 
reasonable level of confidence in the ability of the BCCB's to neet the 
^ihu^tle requireaents defined by Table I except for the acceleration, 
space simulation and vibration requirements. The actual test program 
at JSC was, therefore, limited to those three tests. Detailed test 

*CutIer-Kanmer Qualification Report Kuniber 72*4 and Texas Instruments 
Qualification Test Report Document Mo. EX 1190-255- 
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procedures and data sheets for BCX3 testing are included as Ajpesdix K 
to this report. Tsentj-six B0C8*s were selectee, as test sanples, with 
sai^ec 3f both -vendars hsrdsare covering the cat^lete raoge of current 
ratings available. A saamxj of the test results is presented in the 
faUoeing peragraphs. 

3 •£•1*1 ELeetrical Characteristics 

9ie test Ban>IeH eere tested for perfonance under roan adbient 
conditions against the electrical idiaractexistics requireasnts as 
defined bj the vendin*s. Ihis effort consisted of the foUouing tests: 

a. lumlation Resistance . 

b. Dielectric Strength.. 

c. Contact Voltage Drop. 

d. Overload Trip Calibratiaa. 

e. Brtemal Ssitefaing. 

f. Pushbutton Suittdiing (Texas Instruxents only). 

g. External Indication (Anxilieucy Contacts). 

h. Visual Operation Indication. 

i. Shock Hazard. 

J. Voltage E x t re a e Gpetation. 

k. Backup Control Operation (Cutler-Hamer only).' 

The BCCB's eULl cenfomed to vendor requireneuts except for one 
Cutler-Hauoer 25 sup unit and one Texas Instrunents three-phase 10 arp 
a.w. unit. The Cutler-Hantaer unit tripped in 333 seconds under 113^ 
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load, not aeetiijg tlie req::lzeBeiit to caarxy 11^ load for 60 aiiiutes 
vithcnt tripping. All other diaracteriatics of this unit were within 
•peciflrati x-3. A phase of the Texas Instruaents unit did not trip 
within 60 n^jKotes under IJ^Jt load as required, hut all other charac- 
teristics of Ihis unit were within specificatians. Several units of 
both Tendor: ed:ibited case to^ratores hl^ier 'Qian voidor specifications 
dorinr rloed opexation; however, no electrical diaracteristlc degra- 
daticd -ca-.’ noted due to this te^pexatore exc u rsion and the units were 

' . ; i 

retain^' 'ii the test sample gxoap. 

3*2.1.2 Space Simlaticn Test 

T«mt;-two sables were stdbjected to a space siaolstiao test in 
accorlazice. with the requiraaents of Table I. Philure of two Texas 
InstznneuU. a.c. units was noted idian external switching could not be 
perf oraed' at -3h*C . Ibe units could not be switdied externally at the 
coBf>let..an of the test either. Pose test electrical ■easurenents were 
SBde cc the reasining BCCB*s iwiwdiYtg contact voltage drop, shock 
hazard, isd tripping tine. >o dianges were noted in the electrical 
characteris ti u? . 

3 . 2 . 1.3 Acceleration Test 

Twenty- !wo saoples were subjected to an acceleration test in accord- 
ance with the lequlreia "'‘a of Table I. Ho fedllures were incurred and 
no contact chatter v .s observed. Ho changes in characteristics were 
noted in pest * *celeration electrical testing. 
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Tlteatiah Vest 


Seiren were sii>jeeted to the randca vibzatlon test in 

accordance with tLc xeqioireaents of ItMe Z. 9ie $paee Shuttle test 
philoscglqr provides a najor impact to ’vibration test pro g reaw relative 
to past progw B . the 2-hoar per ttis test xeqoireBests tor Shottle 
haord sa r e is an order- at segrtta de gre ate r 'thui past' n e myd spKeezaft- 
req^irenents. This test regeiii wnt not oi^ involves a eoiK>lderahle 
anoiint at test tite Sad asnpaser^ but also reduces the ’visildLlitp’ of 
bBrdssre perfonence it failnres do oeenr daring testily. Ih order to 
provide as seaningfttl a test as possible in the ’vibration effort, a 
aissian cycling plan vas established by the JSC Vest Pi’visicn per 
June 27 , 1973> neao HT- 05 I, idiicfa provided that vibratioo. testing be 
coodttcted in a cyclic nsnner as foilLovB: (a) Bon one Mssian sivnOation 

in each axis, (b) nax fl've aissian durations in eadi axis, (c) ran fi’ve 
aLssion durations In each axis, (d) ran ten alssiGn durations in eacdi 
axis, (e) ran 30 aissian cycles in each axis, and (f ) complete the 
testing with 50 aissian cycles in each axis. This plan results in a 
vibration exposure profile of 101 aissian cycles and apprcxiaately 2 
hours. It is felt that ’tes'tiug in this aethod allawa a better identi- 
ficatioD of the capabilities of candidate haz^iare that any be capable 
at aee’t^ig tne requireaents of the Shuttle prograa bat say require 
reforbisbaent plans. This reading of "fatigoe” life becomes unnecessary, 
of ccforse, if no failure or degradation is aicoun-texed. 
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Contact diattar vas aonitored for Itatli the aain contacts and the 
aaari 11 ary contacts daring testing. She CntIer«BsMer toiits indicated 
no dnitter on any circuits eacc^pt for three isolated instances of single 
opening. Considering the loigUi of ttie test, the fact tiiat only single 
discontiantties sere indicated, and the sensitivi^ of the nonitoring 
cireaits involved, it is conOlnded that Ihe Cutler-Bnaer BCCB's can 
neet -Uie randoa vihration requireaents of flsiUe I. fite Veras mstm> 
aents B0CB*i eAihited. laadon contact diatter in hoth the nsin and 
aarillary contacts, vith diatter sasceptihility increasing as the nission 
cycles pr o g r e s sed . By completion of the 101 nission cycles, tvo of the 
three Texas Instroaents units tested exhibited continuous chatter. 

Other than the diatter indications, it ves detected that the Texas 
Instrunents three-phase unit failed catastrophically in that it could 
not he extemelly operated. Post TihratioD testing of the electrical 
(haractcristics indicated no changes frcn the nonsl in any of the 
other units. 


}.2.1.^ Conelnsions 

!Qie test history of coBnercially available BCCB's, cotfbined vith 
the ixiitlal results of the JSC test progran, indicates very prosasing 
"off-the-shelf" coeqponmits that nay he directly applicahle to the 
Space Shuttle distrihution systea. The susceptibillly to vihration 
previously noted was confined to the Texas Instrunents units vith the 
apparent design deficiency prdbably due to the lasnual push-hutton 
requirenent. The pushbutton neehanlsm on the RCCB can be a useful tool 
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for laboretaxy test and possibly for ground aaintenance purposes; how- 
ever, it has no operatLciial phase advantages and apparently Jeq^jrdizes 
the structural integri^ of the harduare. A requirenmt for nanual 
po^ibattoa operation capability is^ ther^orey not recoHaended for 
Space Shuttle hardware specifications. The failure of the two a.c. units 
during space si»lation is not considered to be an iidierent design 
deficiency since four other units of essentially the sane design eaqperi- 
en ce d no degradation under the amR test conditions. Bb detailed 
failure analysis was perf onaed on the two units for the following 
reasons: (l) the test was successfully eoapleted on four other rmits, 

( 2 ) ihe vibration saisitlvity of this particular hardware design nakes 
serious consideration unlikely, and (5) the physical configuration of 
this BCCS design is such that disasseshly for failure axialysis would 
he a very difficult and tine consuning task. IDa s u n uai ' y, it is~ felt 
that cciBBercially available BCCB's have dencgistrated the ability to 
neet the Shuttle xequir^aents as defined in Table 1 as well as pro> 
vlding a sound electrical cosgionent to neet reqpireaients for a renotely 
operated circuit protection device. 

3 . 2.2 Toggle Switch Evaluation Status 

Final test activities on toggle switches were United to consider- 
ation of the Cutler-Samier, Micro Switch, Edison Electronics and Texas 
1. trunents devices listed in iiaragraph 3 *2* 
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Review of the hardware and the developaoit and test reports ca 
the EDC Model Mo. 8-080-CU. Solid-State Rotary Switdi developed for 
the AIXPL (Air Force Aero PropulaicD Laboratory) led to a decision 
not to perfow farther testing cn these units at JSC. fhoug^ designed^ 
fabricated, and tested successfully within the bounds of the AIAIL 
program requirenents, these swit''bes could not be considered as off- 
the-shelf or modifiable Shuttle hardware since no design and pacaaglng 
coDSlderations were included for active flight environmental require- 
ments. Hherefore, no JSC test efforts were expended on this hardware. 

z^Bbe Singer Kecurfott solid-state switches develcqped for JSC under 
Contract HAS 5^13144 were scheduled for delivery in Octoner 1973* Due 
to component parts unavailability for the switch circuits, the Eearfott 
delivery was slipped to Janaary 19?4. Electrical acci^tance tests were 
performed at JSC with mltiple failures mated, -~^nging from oot-of- 
tolera:'.ce voltage oul^nxts to completely inoperative switdies. Since 
these switches have not been contractually accepted, and since they 
are provided in a pcoiel-maanted configuration, no further evaluaticm 
can be done prior to repair or replacement. Evaluation cata cannot be 
provided, therefore, as part of this report, but will be conveyed to 
Rockwell as it becomes available, Singer Eearfott Fi n al Report on 

this project is included as Appendix C to this report to provide the 
design and development data available at this time. 

The Cutler-Banner and Micro Switch switches were previously 
qualified to MIL-S-3930 requirements and offered a potential low cost 
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toggle sirlt<^ for Shuttle appUcaticn. In order no establish the test 
requireaextts for Shuttle evaluatian of these switches, the nni«S-39^ 
speciflcaticns were coiqiared against thr arnttle requireaents of Tehle I. 
The mL-S>39^ requiresi^ts are sufficient to profve the capabilities of 
the switidies exae"*- for space siailation, acceleratJ.aa and randon 
vibration. 

After ccaipletiaoL of t^t Efforts on the MEIr^39^ l^iggle switches, 
Bo^cwell infozmUjr requested that tiie randoia vibration levels of Table 
I be (dianged doe to sore up^to>date dynaaics data. iDa reqaonse to the 
Rockwell inforsBl telecon irequest, the vibratian spectrum for testing 
these switches wss changed from the previous toggle switch spectran 
used (spectrum l) to the hie^er levels of spectrum 2. Retest of the 
MIL-S -3930 suitdies at the higher level was not considered necessary 
since chatter susceptibility was proven to be excessive even at the 
lower levels. 

The Edison Electronics cuod Texas Instruments svit<dies have pre- 
viously been tested to speM:ecraft specifications to prove their general 
capabilities. In order to establish the test requirements for Shuttle 
evaluation of these switches, the Shuttle requirements of Table I were 
ccnpared to the specifications of ME43?-^102-XXXX for the Texas Instru- 
ments switches and MSEC I«C9082O2 for the Edison Electronics switches. 
Coaqparison of these specifications revealed that random vibration was 
the only area where previous test requirements were Insufficxent to 
prove the switches adequate for Snuttle application. Although both 
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types of switdies have been tested to comparable energy levels in 
neeting the given speclficatlan requireisents for randan vibration, it 
is questionable VheKher the e^osure duration adequately dt^nstrated 
reliable svitdi life for as nany as IXX) Space £3iuttle nissicins. During 
previous inhouse testing of the MIIr-S-39^ switches, a narked increase 
in contact diatter was noted after vibration eiqposure totaling approxi- 
aately 20 missions per axis. It was, therefore, decided to perform 
random vibration on both types of switches . Detedled test procedures 
and data sheets for these tests are included as i^pendix B to this 
report. 


5 . 2.2.1 MIL-S-5950 Toggle Switch Testing 

3 . 2. 2. 1.1 Space Simalation Test 

Space simlatiou tests were performed c»i sanples of both vendors' 
hardware covering all available totM^le configurations. No hardware 
failures were noted and post test electrical characteristics indicated 
no degradation. 


3 . 2. 2. 1.2 Acceleration Test 

Acceleration tests were performed on sanqples of both vendors' 
hardware covering all available toggle configurations. No chatter was 
indicated during testing emd post test electrical characteristics 
indicated no degradation. 
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3. 2. 2.1 .3 Vibration Test 


random vibration tests were performed on samples of both vendors 
harden^ re covering all available toggle configurations. Chatter was 
aetected on every test sample, Vi'S! chatter frequency ranging fr<»t l6 
individual indications nrinlwum for single and double pole maintain cchi- 
tacts to continuous chatter for all quadrapole or momentary swlt<±.es. 
Post test eljectrical characteristics indicated no changes for any of 
the switches . 


3 .2.2.1. . Conclusions 

!Riese MIL qualified switches offer a low cost, off>the-shelf 
candidate coap<mient capable of meeting eJ.1 of the amttle requirements 
of Table I except for vibration. Although no electriccd. diaracteristics 
'-^re degraded in the course of the tests, the chatter indlcaticais pointed 
out an apparent mechanical degradation that would have to be evaluated 
for systems criticality before these switches could be consider^ for 
Shuttle application. 

3. 2. 2.2 Texas Instruments and Edison Electronics 
Toggle Switch Testing 

3. 2.2.2 .1 Vibration Test 

Randcm vibration tests were i>erforined on sasples of both vendors 
hardware covering all available toggle configurations. Fifteen of the 
24 total samples had no contact chatter indications over the conplete 


20 



vibration duration. Seven sauries eidiibited discrete chatter indications 
of three (3) tines or less, and the remaining switch (an Edison Elec- 
tronics unit) gav^a contizmoas chatter indicaticxi after ten mission 
cycles. Post test electrical cheuacteiristics indicated no significemt 
changes for any of the svxtches. 

3*2.2.2.2 Conclasions 

Most of the chatter indications recorded for these switches were 
isolated, discrete indications with no apparent pattern or trend. It 
was noted during testing that most of the chatter indications occurred 
on more than one channel simultaneously. Given the transient suscep- 
tibility of the chatter detector circuitry, this uould indicate that 
many of the simoltaneous indications were transient responses rather 
than real multiple channel chatter indications. Even assuming all 
indications to be real, it would have to be concluded that 'Uiese s:<Ltches 
performed well enough under the vibiration requirements to be considered 
for off-the-shelf Shuttle hardware with only nrinimal delta qual tests. 
With respect to the one Edison Electronics switch that esdiihited con- 
tinuous chatter, preliminary analysis of all of the data a/ailable indi- 
cates that this was a defective switch rather than a design deficiency. 
®iis positi'.u is strengthened by the good perform&nce of the other 
switches tested with the same basic design, as well as the perfect per- 
formance of another switch of the identical part number The chatter 
susceptibility of this one switch should not, therefore, distract from 


21 



■toe proof of capability of these switches, but rather serve as a data 
point in es'tablishing minimim vibration test requirements for accentsutcr 
testing of toggle switches procured for the Shuttle. 

3.2.3 RFC Evalua'tion Statiis 

Evaluation actlvitiee to dat 3 on RPC's xor Task 5? have been 
limited to consideration of toe SCI devices and the Teledyne Model 
No. 673-lOOQjr. Hie Leach RPC's have not be^ delivered 'to JSC yet, 
and no eifaluation effort? can be accoooplisLed on toem in time for this 
report . 

Hie SCI 10 I RPC * ' -were de-vel(^d for toe Ifershall Space Pli^t 
Center in an efiurt to obtain a flight packaged so 3 j.d-state switching 
suad protection device. No qualification te^t history was a'vailable 
on this R&D device, so the full requirements of Table I were considered 
for e"valuation of this device. These devices are en'vironmen'tally sealed, 
however, and considering the time and cost involved with the tests con- 
cerned with seal capability (such as humidity, salt-fog, etc.), environ- 
mental testing of these units was limited to hi^-low tsnperature, 
acceleration, shock, suid vibration. The Teledyne RPC's were developed 
for JSC in an effort to evaluate some design options toich "varied from 
the requirements of the Military Specification for RPC's (MIL-P-81653 ) • 
No qualification test history was available on this R&D device, so again 
the full requirements of Table I were considered for evaluation of this 
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devlc . ISiese devices are herasticaUy sealed, end for the saae reasons 
as with the SCI 10 I devices, envirouental westing of these nnits will 
he Halted to hig^Iow tesoterature, accelerat-on, shock, and vibration. 

The SCI 31 BPC's have been develt^ed for the Marshall Space Flight 
Center as part of the continuing nSd. progms to dev^lx^ flight capable 
hardware. SCI espenenced several schedule delays due. to redesign 
efforts and parts delivexy IToh coaponent ■annfhctarers . With delivery 
aot accooplished until January 197^ the IBC test efforts to date have 
been lisited to initial electrical testii^. All units perforaed sati >- 
factorily under n<nmL c .-rating ccnditiocs, except f<^' insulation 
resistance and dielectric strength. All units failed to ueet the 
reqoirenents of these tests and it was detemlned that the potting 
uterial used by SCI in tdiese units sinply caimot ueet these require- 
aents. Fui-ther testing will continue at M5FC and data and analysis 
will be provided to Rockwell as it becooes available. It should be 
noted that these SCI RFC*s are considerably larger and heavier than 
the basic tOL-SPBC outlines, and that consideratigo of these units as 
aff-the-i>helf units after the M3FC qual program would mean a substantial 
weight and voluae penalty to the uecr. 

3 . 2 . 3.1 P-rHuatioa Testing of SCI 10 I RPC's 
3-2.3-1-1 Electrical Characteristics 

Using the HIL-P-dl633 design characteristics and specifications 
as the baseline for cooparison, the SCI 10 I RPC has insny design 
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differaices > ^ese are not to "be considered failures, Imt rather 
^c^tions to the KIL-SPH: requireamts taken by SCI uhen designing 
the 10 I derice. A oajOT exception takm is denoted by the noamci- 
clature of the device; i.e., 10 I literally weans 'Uiat the instantaneous 
trip level for these units is 10 tines the noiaal rating ui‘ the device, 
vith trips at levels louer than 10 I tine dependent on the degree of 
overload. This gives a trip cojnre proportional to ihe tine and over- 
load SkS i^proodnatelT an *I^t functioa with t approaching zero as I 
approaches 10. The trip curve for Ihese devices is shown in Figure 1. 

Another exception with ^s design is essentially no delay tines 
In response to tum>on and tom-off signals. Uherect the lfIL-S?BC 
requires some few ailliseccnds of signal appUcation or renoval to 
effect a (±auge of state of the BFC, the 10 I design responds in approxi- 
aately 2 to 6 nlcroseconds . Conbined with the very clean switching 
characteristics of the unit, the fast switching could nake this design 
applicable where extrmely tine critical coardination switching is 
required, nils design characteristic, however, would apparmtly nake 
this device acre susceptible to Interference than a HIL-SFBC unit, and 
EMI teating is being perfomed on these devices. Prelininairy results 
of testing to MIL-S!n)-704 and K[L-Sn>-6l8l indicates no adverse charac- 
teiristics in these units. 

Another exception with this design is the lack of isolaxim between 
the control and xhe output state. The inqportance of such isolation frem 
a user's standpoint mist be assessed once the system application is 
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defined. From the coapGn«it stanc^oint, the Xadc of IsolatiaD and the 
allcwed vezy fhst tam-nn «id tum-^itf tinea corthliie to reduce aiqr 
standby poser regntrcncnta to essentially xero. This benefits the 
user by cutting the QPP state poser dissipaticn to essentially aero, 
vith leakage currents at a f eir nicrdaiperes contirihating the only losses. 

The final two exceptions have negligible advantages or disadvantages 
fron a ciuqaaMnt stao^olait> and should not affect sy^fcens application 
signifirantly either. The exceptions are (l) the ■nxfw tnm-GfP 
voltage is 1.0 Vdc rather than 2.$ Vdc» and (2) the trip indication 
circuit is designed to output' ^.0 Tde at 1.0 nllllanperes instead of 
the 10 nilliaapexes of the MIL-'SESO design, thereby requiring the 
noiitoring ciircuit to provide a ^000 chn lapedance. 

The electrical character! sties of the ID I units could be suanarised 
as fol. jsz 

Contact Drop (Bated Load) - 0.250 Tdc 

5.5 vac 

1.0 Tdc 

^ Ohns 

100 MicroaiqEis 

^.0 Vdc at 1.0 
IdlUaips 

5.2.5.X.2 Hi^'Lov Teaperature Test 

High-lov tei^rature tests were perfomed on the 10 I units of 
both 1 and ^ aaq> ratings. Perforaance characteristics during and after 


Ttom On Voltage (ttlnijaa) 
Tom Off Voltage (NsodLana) 
Control Input Resistance 
Leasage Current (MEodjani) 
Trip Indication Voltage 
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tlKse t^ts were well within specifications ejccept for leakage currait 


readings of one 5 nap unit during hi^ temperature operation. The 
spedfloatian refuireaent Tor leakage on 3 av BEC's is 9X> Mcroamps 
aBxiaun. The average leakage currents actually aeasured on the 10 I 
^ ^9 units was less than 20 aicroaaps. One at the 3 sap units eahibited 
kOO aicrcaaps leakage at aAi^t conditianSf bonever, and under high 
te^eratore (71*C) this unit bad 6kO aicrcaape leakage. Post test 
aeasorenents were within specifications, hut still renained eborve the 
average. 


3.2>5*l-9 Shock Test 

Shock tests to the levels of Thble I were perfomed on the 10 I 
units of both 1 and 5 sap ratings . Perf oraance specifications before 
and after these tests were within liaits. 

3.2.3.1.^ =celeration Test 

Acceleration tests to the levels of Table I were perfomed on the 
10 I units of both I'l^ 3 ano ratings. Perfanaance specifications 
before and a:*ter '^h^e tests were within liaits. 

3 .2.3 -1-5 Vibration Test 

Sinusoidal and randon vibration tests to the levels of Table I 
were perfomed on the 10 I units of b^th 1 and 3 aagp rv^tiogs. ^Qie RPC's 
were nonitored for changes of state during vibration, with none noted. 
Post test electrical characteristics indicated no degradation In per- 
f oraance. 
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Lire Cycle Test 


Life cycle testing was perforaed oc 10 I units of both 1 and 5 
aap ratings. These units vere cycled on and off for c^prtodaately 
500,000 cycles at rated load with no failures or degradation in per- 
fonnnce. 


5.2.3<1>7 ccnclnsioiffi 

The characteristics of th e SCE 10 I BTC's have been demanstrated, 
including the luiility to neet Shuttle en«ironnental reiioiremr^s . With 
respect to thic specific piece cf hardsaire, the only anoaalies exp^- 
ienced Uiid? 2 .r test were indicated during acceptance type checks tiut 
could have weeded out those units before application- This leads to 
the position that the SCI 10 I BTC appears enable cf being qualified 
to its particular dmracterlstics and that application of the device 
is Biostly dependent on the coqpatibili'^ of these particular electrical 
characteristics within the ptoposed system. 

5 -2.3 .2 EvaluaUon Testing of Teledyne Model Ho. 673-lOOQK BTC's 
3 *2.3 .2 .1 Electrical Cbsracteristics 

The Teledyne BTC's developed imder Contract HAS 9-1291^ applied 
the goaeral switching and protection specifications of MIL>P-tJi 653 » 
but incorperated several major design options chosen throu^ optioiiza> 
tion studies performed by Teledyne. Details of the Teledyne electrical 
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difltxacteris^cs, pacKwging coDc^ts, aal selection ratiannle for these 
- characteristics are included in /^pendix D, the Teledjrne Final Report 
for CcDtract IAS 9*1291^« dated Angnst 30, 19T3. 

One of the najor design -variations dtosen hy Seledjne «as to 
eliaina-te -ttie poser ground terainal and aske the RFC a^tso -teroinal 
device with reference to the power circuits. Ihe functional circuitry 
for this design is shown in Figure 2. This design has the advantage 
that no power is -taken froK the load sug^ply for the switdiing function. 

The hase drive is essentially independort of the load -voltage, resull^Qg 
in the RPC having uDifoarmrOpabilities tram 0.3 to 30 -volts. Vte 2 
temlnal unit, therefore, allows for location of -Uie RPC on either the 
supply or ground side of the load voltage. In a MIL-P-81655 design, 

-the RPC is United to the evpply side of -the load -voltage. A possible 
disad-van-tage of the two temlnal RPC is that the po wer for the base 
drive aost he dnl-ved fron the control signal, reqniidng hi^er control 
currents than an equivalent 3 temlnal de-vice. This current drain is 
in the range at 10-25 nilliaiq^res for 1 and 3 aapere RPC's, and is only- 
required in the OH state, with the OBF state requirenent being essentially 
zero. In a system's application, the end results on overall power 
dissipation would depend on the nuriber of units W and OFF for the total 
mission, with the 2 terminal de-vice looking ■o.-e attractive as the 
nuod}er axid time of OFF state RPC's increased. 
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Tlie other aejor design -rarietioa selected Iqr T< 2 ledn>e wss to 
inereese the control voltage level ttom 5 volts to 28 volts. This 
increase Mkes the BPC less susceptible to noise as veil as ■Jting 
the nonal spacecraft bus paver directly usable if desired. Iben 
cQsibiEed vith the two tezninal design* this variation allows less 
c n a plfts drive circuitry, resulting in conponent reduction and in- 
herently iaproved cost, weight, and reliability paraneters. 

Actual test efforts on these Veledyae units at JSC have been 
halted due to failures. Four d.c. BPC's vere delivered hf feiedyme* 
two 5 aop and two 1 aap units. Both 1 anp units failed to operate 
after insulation resistance and dielectric withstanding strength 
testing. 2he two 5 asp units successfully coapleted sU of the elec- 
trical functional tests, but failed upon ^plication of negative tran- 
sients on the control circuit. The units have been returned to Teledyne 
for analysis and replaceaent. Meither the failure analysis nor the new 
units have been received as of this writing. Coapletion of the detailed 
electrical evaluation and the environaental testirg of the Teledyne 
units aust of coarse be delayed until the new units sre received. 
Esttaated delivery of the new units is Kerch 15, 197^. 

3*2. 3* 3 Evaluation Testing of Hartnan Contactors 

High current d.c. contactors were purchased from Hartaan for 
evaluation as aodlfled off-the-shelf candidates for source and bus 
switching. Testing vas sceospllshed at Marshall Space Flight Center 
on February 8, 19T^» vhd the test report is presently being written. 
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nie afficiaJ. test report vill be provided to RodEnell as soon as it 
becoaes available. A suaaary of tfae test efforts is presented in the 
paragraphs belov. 

The &rtasn AH 7 II contactor -procured for this progran is a Bodi* 
fication of the Hartaan A702AP contactor. *Rie aodiflcations uere vo 
change the internal logic package fron a revexae current cutout to an 
overload cutout and to incozporate a hematic seal into the unit design. 
Since th'.s unit has beox listed on the IhUtazy Qualified Parts List 
Ho. Q^i-O 0S026(AS)-1, it eas detemined that the aost dbjective and 
cost effective test program for this hardware should include electrical 
cbamcteristics^ life cycling^ acceleration, shock, and random vibration. 

Electrical Characteristics 

Initial electrical characteristics were measured for five contactors 
including contact resistance, pickup cdod dztgiout voltage, coil curxents, 
operation times, vexLtage drops at various loads, and overload tripout 
calibration. All units performed satisfactorily in these initial tests. 

3 -2.5 *5 *2 Life Cycle Test 

One contactor was e]Q>osed to a life cycle test with 50,000 cycles 
as the design requirement. Ihe unit was loaded at 3 OO amperes on the 
main contacts and 3*0 amperes cn the auxiliary ccntacts. The cycle 
rate was set at twenty (20) cycles per adnute. This unit perfornsd 
with no discrepancies for 43,217 cycles. The main contacts failed to 
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operate for one cycle at 43 « 2 l 8 and tlie auxiliary contacts failed for 
one cycle at 1 | 3 > 219 . All functions resuaed correct operation throu^ 
30,000 cycles. Cycling vas continued and ^e naln contacts failed again 
at 32,309 cycles throu^ 32,3^2 cycles (contacts reaained open for entire 
period). The nain contacts resuaed proper operation again at this point 
and no other failures vere noted throng 3^,211 cycles, at Which point 
the test vas stopped. The auxiliaxy contacts failed to transfer one 
aore tiae at 32,38^ cycles. 

Electrical tescs vere perforaed at the coapLetion of the life 
cycling and all characteristics vere vithin liaits. Scae loose object 
was noted inside the contactor after the test, with no appaxent effect 
on operating characteristics. Biis unit vill he opened for contact 
inspection and investigation of the loose object, viUi findings to be 
provided in the M 5 FC official test report. 

3.2 .3 * 3 -3 Acceleration Test 

Acceleration tests vere perforaed on tvo contactors, aonitorlng 
for chatter in excess of 10 adcroseconds and (diecking pickup and drop- 
out voltages during test. A variation in pickup voltage was noted 
during acceleration with the worse case axis moving to greater than 26 
volts. Both units indicate transfers (continuous chatter indication) 
at the wntTrtimiiq g's inposed ( 22.3 S'^)* Both units operated successfully 
up to 11.7 g's in all axes. Post test electrical cheoracteristics 
indicated no degradation. 
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3 >2.3 *3 Sho(& Test 


Shock tests were perfoned oc two ccntactors, nonitaring for 
chatter in excess of 10 mcroscconds . "Die shock level used was 30 g 
peak/balf >sine . Both units indicated chatter in the worse case axis 
and passed in all other axes. Sase lower level shocks were perfomed 
in the mst critical axis and all contacts petssed at 6.^ g's. 

3 >2.3 *3 *3 Vlbratian Test 

Random vibration tests were run on tro contactors according to 
the latest spectrum as provided by Rockwell and JSC Test Division 

O 

agreoBBit. This spectrum contains a peak ercitation of 0.2 s/Bz, and 
innediate continuous chatter was detected for both units at this level. 

test level was dropped 10 db and runs of 1 minute duration were 
started at this level, increasii^ 1 db after each run. Auxiliary con- 
tacts eidiibited chatter at every level greater than -9 dh, but the main 
ccxiT^acts had no diatter prior to the -3 db level. Longer runs were then 
started at the -4 db level (main e<xitacts had passed 1 minute i*uns at 
this level), but both units indicated intermittent chatter at this 
level. Levels were reduced fuirther for longer runs with main contact 
total success (no chatter) achieved on one unit at -6 db ( 0.03 g /Rz 
peak). Ihe second unit experienced intermittent failures at this level 
on its main contacts. Post test electrical characteristics indicate no 
degradation other than some changes in trip calibration. 
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3 >2 .3 *3 *6 ConclusiaDS 


Although the final test report has not heen conqpleted hy NSFC^ 
several coadosiotis nay he drawn froa the preliminary date repcnrts . 

A major observation tar these tests was the apparoit susceptibility 
at these units to the nechanScaJ. requireaents as established for the 
Shuttle. Post, test discussions with Rockwell and JSC Test Division 
personnel indicate the acceleration and shock discrepancies nay have 
occurred at levels hi^er than the present Shuttle 3eequirenenta. The 
data mist be evaluated against the present reqjuirenents to determine 
the coopatibility of this hardware in these areas. With respect to 
random vibration, it is obvious that this hardware is susceptible to 
chatter at levels considerably lower than Shuttle requirements. Con- 
sideration should be given to this point in discussions with potential 
manufacturers to determine the possibility of vibration isolation 
mounting of this haodware for Shuttle application. 

3 .3 TASK SMIARY 

The optimum conq>letlan of the objectives of this task has been 
inhibited due to schedule delays in hardware delivery by venders and 
lack of firm test requirements definition. These delivery problems 
may be an important factor to remenher in supplier selection tc the 
degree that considerable weighting should be given to in-house inte- 
grated circuit design and manufacturing capabilities, as well as in- 
house facilities for production line nmnufacturing . This consideration. 
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plus the availability of electronic caqponents, appear to be the most 
critical delivery factors for ronote power contrcUers. 

Continued test efforts in those areas inipacted by delivery prob- 
lems will be reported to Rockwell Space Division as infonaation beccnnes 
available. With test inputs, this Final Report, and a continued trans- 
fer of reguiraaoits and inforaation between the co^iizant NASA and 
Rockwell Space Divisicai personnel, the primary objective of providing 
full evaluation of available hardware and desigp concepts will have 
been accosgilished. 


3.4 PLAHHED ACriTtTIES 

Test and evaluation efforts will be completed on the Hartman 
contactors and the Teledyne RPC's. Evaluation progress of the other 
hardware under consideration is contingent upon its delivery. The 
cognizant Rockwell Space Division personnel will be continuously 
informed of the status of the deliveries and the test efforts. 
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TABLE I 


TEST CRITERIA FOR COMPONENT ENVIBOmENTAL TESTING 


TEST 

PROCEDURES AND PARAMETERS 

Humidify 

MIL-STO 810B, Meth. 507, Proc. 1 

Temp. (Max/Min) - 71‘*C/28*C 

Rel. Hum. (Nax/NIn) - 952/85% 

Pressure - Room Amb. 

Duration - 240 Hrs. 

Salt. Fog 

NIL-STD 810B, Meth. 509, Proc. 1 

Temp, - -^0 - 5*F 

Salt Concen. - 1.0 > 0.5« 

- 0 * 

Chamber Humidity - 85 15« 

- 10* 

Fungus 

MIL-STD 810B, Meth. 508, Proc. 1 | 

MIL-STO 810B, Meth. 510, Proc. 1 

Material - Si O 2 (97-99%) 

Concentration - 0.3 gm/cu. ft. 

Air Vel. - 250-1750 ft/ml n 

Amb. Temp. - 23“C - 63*C 

Sand and Oust 

P( assure 

Per Shuttle Master Verification Plan, General 
/^proach and &ti deline, Vol. I, paragraph 
3.5.14 (6) 

Altitude 

MIL-STD 81 OB, Meth. 500. Proc. I and II 

Temp. (Max/Min) - 80®C/-54®C 

Pressure (Max/Min) - 1.0 atm./87.5 Torr 

Space Simulation 

MIL-STD 810B, Meth. 517, Proc. II 

Temp. (Max/Min) - 80“C/-54‘»C 

Pressure - 3.8 x 10"5 Torr 
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FIGURE 1. SCI 10 I RPC 


BEPRODUCIBlLlii u. 
ORIGINAL PAGE IS POOR 


jii»GUIB 





58 






AFPBIDIX k 

BBtllE CCnSOL CIPCOrP BREAKE5 TEST RKPMtT 
ISC 0921, HE?. K 



RBfOTE CONTROL CIRCUIT BREAKER 
EVALUATION TESTING 


Prepared By 

Lockheed Electronics Conpany, Inc. 
Aerospace Systeas Division 
Houston, Texas 

Under Contract NAS 9-12200 

For 

POWER DISTRIBUTION AND CONTROL BRANCH 



LYNDON B. JOHNSON SPACE CENTER 


September 1973 


LEC-0921 
Revision A 



RE»fOTE CONTROL CIRCUIT BREAKER 
EVALUATION TESTING 


PREPARE!! BY 



Power Syst«K Engineering Section 


Prepared By 

Lockheed Electronics Coapany, Inc. 

For 

Power Distribution and Control Branch 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TEXAS 

September 1973 


LEC-0921 
Revision A 



f\'^% 3^X10 


ABSTRACT 

Engineering evaluation tests were perfomed on several 
■odels/types of Reaote Control Circuit Breakers (RCCB) 
Marketed by Cutler>HaaBer and Texas Instruaents in an 
attempt to gain sone iasight into their potential suitabi* 
lity for use on the %»ace Shuttle vehicle. Tests included 
the ueasureBent of several electrical ahd operational per- 
fbmance paraueters under laboratory anbient, space s inula- 
tion, acceleration and vibrati<m environnental conditions. 
Although sone undesirable operation was noted, sufficient 
nanpower and facilities were not available to allow a con- 
prehensive enough test prograa to provi’fe the basis for 
drawing a fim conclusion as to the RCCBs* suitability or 
unsuitability for the Space Shuttle vehicle. A further 
obstacle to drawing such a conclusion is the unavailability, 
at the tine this report is being written, of fim environ- 
nental specifications for that vehicle. 
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1.0 INTRODUCTION 


1 . 1 Purpose 

The purpose of the Remote Control Circuit Breaker (RCCB) 
testing discussed in this report has been to verify. elec- 
trical and operational characteristics of RCCB's, nanufac- 
tured by Cutler- Hammer (C-H) and Texas Instruments (T.I.), 
as specified by the vendors, and to explore the feasibility 
of their application in the Space Shuttle vehicle. 

1.2 RCCB Backgrouiul 

The Remote Control Circuit Breaker (RCCB) was developed 
to meet the requirements of power control in super sized 
jet aircraft. It is an electronically control'* d electro- 
mechanical device which physically separates tbs power 
switching from the switching control. While thi package 
containing the relay and circuit breaker can be installed 
close to the power source and/or to the load, the control, 
i.e., the actuating and resetting functions, can be performed 
via a single #22 gauge wire from the cockpit or any remote 
location. RCCS's now available on the market have 
ratings from 5 to 100 amperes. Some of the most notable 
characteristics of the units tested are described below. 

Some of the basic differences between them can be more 
clearly understood by referring to figures 1 and 2. Addi- 
tional particulars and characteristics are shorn in 
reference 1. 

The successful application of RCCB’s in aircraft 
introduced them to the space industry. This prompted the 
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recently initiated and executed test progran for exploring 
the RCCB's feasibility for the Space Shuttle. 

1.2.1 Cutler-Hanner nodels* characteristics .— The 
Cutler-Haimer nodels can be used alternatively for dc (28 
volts) or ac (15S V,4QQ Hz operations). In the latter case 
they can be interconnected for nultiphase operation by 
utilizing control teminal No. 6 (fig. 1). 

The state of the nain contacts (A^-A^) is shown by the 
indicating teninals (S^. S 2 and S^) and by a nechanical 
FLAG exposing either OPEN cr CLOSED signs. 

The renote switch connected to teminal No. 3 controls 
the nain contacts if the prinary power source is connected 
to A^ or if any suitable power source is connected to 
teminal No. 4, referred to as Backup Power. Thus, if 
power is inadvertantly lost fron A^ , teminal No. 4 can 
be attached to a power source and the nain contacts can be 
opened by operating the renote switch. In this way, shock 
hazard (the tine delay fron connanding the circuit to open 
until the output power teminal is actually disconnected 
fron the source teminal) is elininated. Because these 
RCCB's nomally derive their actuating power fron the primary 
power source, opening the remote control switch after loss 
of power to teminal A^ would not cause the RCCB's main 
power contacts to open. Thus, if prinary power to was 

restored, the load teminal, A^ * would be energized for 
the short but finite tine required for the RCCB to actuate 
even though the remote-control switch had been opened prior 
to restoration of the primary power. Providing the RCCB 
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A. dc OR SINGLE PHASE OPERATION 


INDICATION TERMINALS 



B. MULTIPHASE OPERATION 



NOTE: 

ELECTRONIC COUNTER FOB MEASUREMENT OF 3HOCK-IIAZARD 
DURATION AND TRIPPING-TIME DURING OVERLOAD OPERATION. 


Figur« 1. - External wiring diagram of Cutler -Hammer model RCCB's. 
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with actuating power via terminal No. 4 provides the means 
of preventing this temporary energizing of A. 

Terminals No. 6, for multiphase operation, and No. 4, 
for Backup Power, are unique features of the C-H models not 
available in Texas Instruments units. 

1.2.2 Texas Instruments models* characteristic j.— 
Texas Instruments provides two models of RCCBs, one for 
dc (28 V) and another for ac (115 V, 400 Hz) applications. 
Both models have a Push Button arrangement not available 
in C-H models. The ac models are assembled for 3-phase 
operation (fig. 2). 

The state of the main contacts (Aj^- A^) is shown by 
the indicating contacts (Sj^, and S^) and by a FI.AC, 
located beneath the Push Button, which exposes or conceals 
an ON sign. 

The main contacts are controlled by a remote switch 
connected to terminal No. 3 provided the power source is 
connected to the line terminal (A, or A^^, Bj^, . 

Actuating the Push Button temporarily overrides the control 
of the external switch. Its effect is similar to that of a 
’’momentary switch.” 

When the power source is lost from the line terminal (s) 
while the remote switch is closed, the shrck hazard is 
eliminated by opening the remote switch and actuating the 
Push Button (pulling it up) so that the main contacts open. 
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A. 3RCIB MODEL FOR dc OPERATION 


INDICATION TERMINALS 


PUSH BUTTON 


AMMETERS 



PEM TE CONTROL SWITCH. 

OR CIRCUIT BREAKER 

B. 4RCIA MODEL FOR ac OPERATION 

INDICATION TERMINALS 

PUSH BUTTON^ 



ELECTRONIC! 
ICOUNTEP 


POWER SOURCE 
115 V 
400 Hz 
(3 phase) 



REMOTE CONTROL SWITCH 
OR CIRCUIT BREAKER 


_ (PHASE -A) 
^(PHASE-B) 

(PHASE-C) 


NOTE; 

ELECTRONIC COUNTER FOR MEASUREMENT OF SHOCK-HAZARD 
DURATION AND TRIPPING -TIME DURING OVERLOAD OPERATION. 


Figure J. - External wiring diagram o£ Texas Instruments 

model RCCB. 
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Because the Push Button is mechanically coupled to the main 
power contacts, an alternate or back-up power source is not 
required to open those contacts when primary power is lost, 
as is the case with the Cutler-Hammer unit, but the capabi- 
lity for remote operation, which is retained by the Cutler- 
Hammer unit, is lost. 


1.3 Test Program Summary 

Because of the similarity of environmental parameters 
of al* ' tude and high/low temperature tests with space 
simulation tests and because the vendors' documentation of 
humidity and shock tests were deemed adequate for purposes 
of this initial evaluation, the Qualification testing 
(environmental exposure) was limited to: 

• Space Simulation 

• Acceleration 

• Vibration 

Acceptance testing, the measurement of electrical and 
operational performance parameters under laboratory ambient- 
environment conditions, was performed on 305 samples of 
several models/types from the two vendors. Of these, 26 
were exposed to space simulation, 22 to acceleration and 10 
to vibration. 

In several instances units tested failed to meet the 
vendors' specifications or did not operate as desired 
during/after environmental exposure. The results of the 
tests are summarized in TABLE I. 
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2.0 REFERENCE DOCUMENTS 


1. RCCR-Rem>te Control Circuit Breaker Bulletin 7204 Hfc-IA 
Cutler-Hamer, February 1972. 

2. Reaote Control Circuit Breaker Technical Product Speci- 
fications Single Pole Series SN600BA Nuuber 181. Cutler- 
Kamer, Milwaukee, Wisconsin. 

3. Overhaul uanual with illustrated parts for Roiote 
Control Circuit Breaker, part no. 3RCIA, 3RCIB, 4RCIA, 
H.B.47-EG71, Deceaber 15, 1971, Texas Instruuents, Inc. 
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3.0 TEST PROCEDURE 


All tests were classified into either Acceptance or 
Qualification tests. The first of these included those 
•easurenents intended to verify electrical and operational 
characteristics of the RCCB's while the second involved 
exploring their feasibility for application in the Space 
Shuttle vehicle. 

The specific RCCB nodels (or types) tested and the 
tests perfoned on each nodel are tabulated in Table I. 

Test instnnentation is shown in Table II. 

3.1 Acceptance Tests 

3.1.1 Electrical characteristics .— The first part of 
the Acceptance testing consisted of Measuring the RCCBs* 
electrical characteristics**insulation resistance, 
dielectric strength, and contact voltage drop. 

Insulation resistance between the nutually insulated 
parts of each RCCB, illustrated in figure 5, was measured 
with the application of 500 volts dc between all possible 
pairs of these parts on any one RCCB. The nutually ir.sulated 
parts considered were the RCCB case, Mounting base, line 
terminal (A,, or A^, C^ in T.I. ac models) and load 
terminals (A,, or A^, B^, C^ in T.I. ac models). 

Dielectric strength was measured in a manner similar 
to insulation resistance by measuring the leakage current 
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TABLE II. - TEST INSTBUNBITATION AND FACILITIES 


• dc voltaeter, Veston, aodel 931 

• dc ■illivoltaeter, Neston, aodel 931 

• dc Aaaeter, Heston, aodel 931 

o Shunt, Heston, SO av/200 a 

o dc Hicroaaaeter, Heston 
. aodel 1011 

• sc voltaeter, Heston, aodel 433 
e dc aaaeter, Heston, aodel 904 

e dc aaaeter, Heston, aodel 904 

• dc aaaeter, Heston, aodel 904 

e Oscilloscope, Tektronics, RN45A 
e Plug-In, type D, Tektronics 
e Electronic Tiaer, U.P., aodel 5243L 
e Plug-In, H. P. aodel 5262A 

• ac-dc nondestructive insulation 
tester. Telenet Co., Aaityville, N.Y. 

e Discontinuity Tiae Monitor, CTL, 

Fern Park, Fla. 

a Reg. dc power siq>ply, Kepco, 
aodel CK 40-0.8 

a Precision dc power siqpply, 

Kristie Electric Co. 

a Ohaaeter, Siapson, aodel 270 

a 3 phase 400 Hz 115 V/phase power 
source (wall-plug) 

a dc load bank 


(ID: C07820) 

(ID: C00228) 

(ID: C07828) 

( - ) 
(ID: C01084) 

(ID: C09874) 

(ID: C09878) 

(ID: C09879) 

(ID: NAS3-6438) 

(ID: NAS2-9487) 

(ID: NAS3-8612) 

(ID: C05600) 

(ID: NAS6-0093) 

(ID: NAS8-2732) 

(ID: NASS-2084) 

( - ) 
(ID: NAS6-0988) 

In House 
In House 
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TABLE II 


TEST INSTRUMENTATION AND FACILITIES (Concluded) 


• ac load bank 

• Space SiBulation Test facility; 

RCA High Vacuun Chauber (rith 
accessories) 

Tenperature uonitoring device, 
Honeywell, Philadelphia, Pa. 

e. Acceleration test facility: 
Centrifugal Acceleration, 

S/N G264A>0, Ser.: 010; 

Trio-T<^ch, Burbank, Calif, (with 
accesscries) 

e VibratiOi. test facility: 

Ling Electronics — 

Vibrator, uodel 249-2, Ser. 56; 
X-axis 

Vibrator, uodel 310, Ser. 20; 
Y-axis 

Vibrator, uodel 310, Ser. 31, 
2-axis 

Randon Analyzer, Ling, uodel ASDE-80 

VTVN, BRUEL and KJAER, uodel 2416 

Acceleroweter, ColuaR>ia, 

Bodel 440- 1-H 

Charge Anplifier. UNHOLZ- DICKIE, 
Model 8 PMC V 

Log Converter, H.P., node I 7S62A 


In House 

(ID: NAS4-1272) 

(ID: NAS6-44S3) 

(ID: NAS4-5212) 

(ID: NASS- 16523) 

( - ) 
(ID: NAS7-0775) 

(ID: NASS-2289) 

(ID: CD4643) 

(ID: C01374) 

(ID: NAS6-13S6) 

(ID: NAS8-36S7) 
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A. CUTLER-HAMMER MODEL 




CASE— ♦ 

CTinG_r 


XTT 

^ s, S3 


MOUNTING 
BASE 




ff6 ftS 9f« ftS 


MUTUALLY INSULATED PARTS 
NOTE: TERMINAL NO. S 

dnUNDED TO MOUNTI 
BASE 


B. TEXAS INSTHUNENTS MODEL FOR dc (DERATION. 



MUTUALLY 

INSULATED 

PARTS 


TEXAS INSTROMENTS MOKL FOR ac OPERATION. 


CASE 

MOUNTING 
BASE 



0#4 0#3 - 2 ' 


MUTUALLY 

INSULATED 

PARTS 


Figure 3. — Mutually insulated parts of RCCBs for insulation 
resistance and dielectric strength tests. 
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between the mtunlly insulated parts under application of 
ISOC V» 50 Hz (for C-H nodels) or 1250 V, 60 Hz (for T.I. 
■odels) . 

Following the vendors' instructions, teminals Nos. 3, 
4 , 5, 6, and of the C-H uodels were shorted together 
during both tests. The ac potential was not applied between 
the open contacts and. A 2 of the T.I. dc nodels. 

Contact voltage drop was measured betue^ the line and 
the load teminals while passing the rated full- load current 
(ref. Table I). The test setups are shown in figures 1 
and 2. 


3.1.2 Operational characteristics Operational 
characteristics of the RCCB's include: 

a. Perfomance of the nain power switching, perfomance 
of the indicating teminals (S^, S,, and S^) and 

of the FLAG and daration of shock-hazard before its 
elinination. 

b. Effects of overloads and the extremes of line 
voltage upon the overall operation. 

c. Specific features of Cctler-Hammer* and Texas 
Instruments' models. 

All tests were perfomed using the test setups shown in 
figures 1 and 2. 

The performance of the main power switching was tested 
by actuating the remote control switch while power was 
applied to the line terminal of the RCCB. 
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The operation of the indicating teninals $ 2 » and 

Sj was checked with an ohnneter attached alternately to 
and Sj , and to Sj^ and , fS^, S^, and are 
the three terminals of a SPOT switch with being the 

common terminal.) 

The performance of the FLAG was checked by visual 
observation. 

The shock hazard duration was measured with an electronic 
counter as follows: 

1. The remote control switch was turned ON. 

2. Power was disconnected from . 

3. The remote control switch was turned OFF. 

4. Power was reconnected to . 

The counter was connected to count milliseconds from its 
internal clock for the period from step 4 until the RCCB 
automatically disconnected A^ from A^ . 

The overload tripping operation was tested by increasing 
the load current from rated full- load stepwise to 200 » 138, 
or 115 percent. The tripping time was measured with an 
electronic counter connected to the individual load;^. At 
the end of the llS-percent overload run, the temperature 
of the RCCB was measured at the line terminal of the parti- 
cular sample. While testing T.I. ac models, the overloads 
were applied consecutively to three individual phases. Due 
to the limitation of the test facility, no overload tests 
could be performed on T.I. ac models rated for 35 amp per 
phase. 
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Again because of test facility linitations, the tests 
for effects of extrene line voltages were United to dc. 

The test sample was turned ON and the line voltage was first 
reduced to the specified nininun (18 V for T.I. models, and 
21 V for C-H models) and then increased to the specified 
maximum (30. S volts for T.I. and 32 volts for C-H models). 
During both extremes, the operation of the main power 
switching and the duration of shock hazard were measured in 
the way explained above. 

The operation of the Push-Button, a unique feature of 
T.I. models, was checked on its similarity with the action 
of a **momentary switch,*' and on its ability to eliminate 
the shock-hazard. In the first case the Push-Button was 
pulled up to interrupt the load current when the sample was 
turned ON by the remote control switch, or the Push-Button 
was pressed down to affect the flow of the load current 
when the sample was OFF. elimination of the shock-hazard 
was tested as follows: 

1. The remote control switch was turned ON. 

2. Power was disconnected from the line terminal. 

3. The remote control switch was turned OFF. 

4. The Push-Button was' pulled up. 

5. Power w?5 reconnected to the line terminal. 

The duration, or presence, of shock-hazard was checked via 
an electronic ccunter connected to the load of the particular 
test sample, as described previously. 
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Operation of the Backup Power arrangeoent, available in 
C~H models, was tested by disconnecting the power source 
troB terminal and attaching it to terminal No. 4. The 

remote control switch was then repeatedly actuated and the 
state of the main contacts was monitored by the FLAG indica> 
tion and the indicating terminals S^, and . Elimi- 

nation of the shock-hazard was tested as follows: 

1. The remote control switch was turned ON. 

2. Power was disconnected from terminal A^ . 

3. The remote control switch was turned OFF. 

4. Terminal No. 4 was attached to the power source for 
a few seconds. 

5. Power was reconnected to terminal A^ . 

Duration of the shock-hazard was measured in the same way 
as described previously. 

The multiphase operation of the C-H models was tested 
with the setup shown in figure 1 by actuating the remote 
control switch and by increasing the individual phase loads 
stepwise from 100 to 200 percent. The individual phase 
loads were changed sequentially one after another, and the 
corresponding trip times were measured with the counter. 

3.2 Qualification Tests 

Facility and manpower availability precluded subjecting 
all 305 RCCB's to environmental exposure. 

Twenty two samples were actually exposed to space 
simulation-- altitude and temperature extremes combined. 
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Prelininary to this, four additional samples were subjected 
to an abbreviated temperature extreme cycling at ambient 
pressure to verify the basic temperature capabilities of the 
devices . 

The same 22 units were exposed to acceleration. 

Again because of resource limitations, the total number 
of RCCB’s subjected to vibration was reduced to 10. Of these, 
three were subjected to a preliminary test to verify the 
basic mechanical integrety of the devices. The seven others 
were then subjected to the full duration cyclirg described 
below. 

3.2.1 Space simulation test .— The test was performed 
with the setup shown in figure 4. The main contacts of 
one-half of the test samples were open and those of the 
other half were closed. 

Twenty-two test samples were placed in the chamber which 
was evacuated to 3.8x10”^ Torr, equivalent to 360,000 ft 
altitude. The internal temperature of the chamber was kept 
constant for one hour at each of the following temperatures: 
-54® C, -34® C, +25® C, +74® C, and +84® C. During the 
-34® C and +74® C periods, the samples were subjected to 
remote ON/OFF switching, and during the +25® C period, a 
dielectric strength test was performed on the T.I. models 
at 500 V, 60 Hz in the way discussed for acceptance tests. 

Measurements of contact voltage drop, of shock hazard 
duration, and of tripping time at 200 percent overload were 
made after Space Simulation testing. 
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setup (wiring diagram) 




3.2.2 Acceleration test .— Twenty- two samples, wired 
as shown in figure S, were accelerated in both directions 
along three mutually perpendicular axes. Acceleration of 
22.5 G was applied to the RCCB's for 2 minutes with their 
contacts open and then for 2 minutes with their contacts 
closed. 

The main contacts were controlled by the Push-Buttons 
in T.I. models and by remote control switches in C-H models. 
The testing was performed at room ambient conditions. 

Contact chatter was monitored with a chatter detector 
(Discontinuity Time Monitor) during each test run. 

Measurement of contact voltage drop, of shock 
hazard duration and of tripping time at 200 percent overload 
was made after conclusion of the acceleration test. 

3.2.3 Vibration test .— Ten samples were subjected to 
random vibration with the following spectrum: 

10 Hz at 3 mg^/Hz 

10 Hz - 24 Hz, increase 8 12 dB/octave 

24 Hz - 160 Hz at 100 mg^/Hz 

160 Hz — 2000 Hz decrease € 6 oB/octave 

2000 Hz at 0.65 mg^/Hz 
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Overall level: 5.37 G rms per run. Vibraticn was 


applied 

along three mutually perpendicular axes 

as follows: 

Test 

Run 

Duration 

Contacts 

Sequence 
of Axis 

1 

2 min. 20 sec (2 Mi* Ions) 

(closed) 

X, Z. Y 

2 

5 min. 50 sec (5 Missions) 

(closed) 

Y, Z, X 

3 

5 min. 50 sec (5 Missions) 

(open) 

X, Y, Z 

4 

11 min. 40 sec (10 Missions) 

(open) 

Z, 1. X 

5 

35 min. 0 sec (30 Missions) 

(closed) 

X, Y. Z 

6 

58 min. 20 sec (50 Missions) 

(closed) 

Z, Y, X 


The axes of the test samples are defined in figure 7. 

The test setups are shown in figures 5 (with closed contacts) 
and 6 (with open contacts) . Testing was performed at room 
ambient conditions. 

Chatter of the main contacts and of the indicating 
contacts, - S^, was monitored with the chatter detector. 

Measurement of contact voltage drop, of shock hazard 
duration and of tripping time at 200 percent overload was 
made after conclusion of the vibration test. 
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I 


KOTE: AU LOADS: 1 Koha 

CON I ACT CHATTER McKlTCWING DEVICE HAS NOT USED FOR 
INDICATING TERMINALS S^-Sj DURING ACCELERATION TEST. 

TEXAS INSTRUME.VTS MODELS NERE Ca.T^-''l.LED tY PUSH-BUTTON 
(P.B.) ONLY. 


FiRure S. - Acceleration and vibiation »est setup (closed con -cts; 

wiring diag.' - 


REPRODUCliJil.u 1 v. 
ORIGINAL PAGE IS POUR 



H 


TESTING FACILITY 



NOTE: T.I. MODEL CONTROLLED BY PUSH-BUTTON (P.B.1 ONLY. 

C-H MODELS CONTROLLED BY BACK-UP- PONER («4 TEMUNAL) . 


Figure 6. - Vibration test setup Copen contacts; wiring diagram). 
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Figure — ittt nampiti • diflnitlon of ixfi for vibrition tott* 



4.0 TEST RESULTS 


The results of testing, perforaed in accordance with 
the test procedure outlined in the preceeding paragraph, 
are sunaarized in Table I. The test data sheets are in the 
appendix . 

Of the 305 saiqiles on which acceptance tests were 
performed, 02 did not neet the requirements specified by the 
vendor. Of those 82, seven samples failed; i.e., became 
totally inoperative. 

Qualification testing was performed on 26 samples, 
three of which failed during, or as a result of, the 
environmental exposure. 

The list of the failed samples in TABLE III shows 
the circumstances and symptoms of failures. No failure 
analysis has been performed. 

4 . 1 Acceptance Tests 

4.1.1 Electrical characteristics .— The insulation 
resistance is specified by the vendor to be a minimum of 
50 (10^) ohms when measured at 500 Vdc. The minimum insula- 
tion resistance was found to be 40 (10^) ohms in the T. 
ac and C-H models and 1.4 (10^) ohms in the T.I. dc moc. i. 

Dieleccric strength is defined by the vendors in teims 
of leakage current which is specified as 0.5 mA naxinim at 
1500 V rms, 60 Hz for C-H models or at 1250 V ms, 60 Hz 
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TABLE III. - RCCB - FAILURES DURING TESTING 


Suq>le 

Tiae/Cause 

Syaptoas/Effect 

T.I. 7.S ac; S/N 26887 
(test #36; 12/9/72) 

During 200 percent 
overload on 
phase A 

Cracking sound 
and saoke; not 
operating 
therea..'ter . 

C-H, S/N 8/5 
(test #73; 1/17/73) 

Ihiring 200 percent 
overload 

Contact chatter; 
FLA^ over iriien 
No. 4 terminal 
was used. 

C-H, S/N 11/35 
(test #137; 1/26/73) 

During 138 percent 
overload (before 
200 percent over- 
load) 

400 Hz emanates 
whenever turned 
ON with A|^, or 
No . 4 connected 
to power source. 

T.I. 15 dc; S/N 29055 
(test #167; 2/2/73) 

After 115 percent 
overload (before 
138 percent over- 
load) 

Main contacts 
OPEN/CLOSE ran- 
domly when 
external switch 
is used. 

C-H. S/N 13/75 
(test #215; 2/9/73) 

Testing opera- 
tional character ' 
istics. external 
switch 

400 Hz emanates 
whenever turned 
ON. 

C-H. S/N 11/25 
(test # 269; 2/16/73) 

During shock 
hazard test when 

Contact voltage 
drop -10.0 volts. 


attevpting to 
switch the unit 
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TABLE III. - RCCB - FAILURES DURING TESTING (Concluded) 


Sanple 

Tine/Cause 

Syaptoas/Effect 

T.I. 10 ac; S/N 26268 
(test f30; 5/29/75) 

During Space 
Siaulation Test 
at -34* C 

Could not be 
switched exter- 
nally during and 
after testing. 

T.I. 10 ac; S/N 26317 
(test #31; 5/29/73) 

During Space 
Siaulation Test 
at -34* C 

Could not be 
switched exter- 
nally during and 
after testing. 

T.I. 7 ac; S/N 30156 
(test #301; 6/26/73) 

After Vibration 
Testing. 

During post test 
checking exter- 
nal switch did 
not operate. 

T.I. 10 ac; S/N 26427 
(test #31; 12/13/72) 

After 200 percent 
overload 

External switch- 
ing does not 
work. 



for T.I. Bodels. T.I. dc aodels, exhibited 4 to 7 uA, and 
T.I. ac aodels 30 to 45 iiA leakage current. C-H nodels 
had leakage current up to 78 vA. Three C-H saaples exhibited 
an exponential increase of leakage current at 800 V, 60 Hz, 
and were defined as faulty. 

The naxiuun contact voltate (GT) drop, specified in 
reference to current rating* of the saaples, was not 
exceeded. 


4.1.2 Operational characteristics .— The FLAG and 
reaote indication (S^, terminals) were found correct 

in all saaples. 

RoMtely controlled switching did not operate properly 
in two T.I. dc models, which required a minimum load at the 
terminal before switching would occur. One C*H unit 
failed during ON/OFF switching of the rated load. 

Shock hazard duration is specified, for Cutler-Hammer 
saaples only, to be a maximum of 12 ms, which was met in 
all units. One sample failed in the course of this test. 
Shock hazard duration was 1 to 20 ns in T.I. dc and 35 to 
45 ms in T.I. ac samples. It is not specified for Texas 
Instruments models. Shock hazard could be eliminated in 


T 


RATING 


SPECIFIED MAXIMUM 

CV DROP 

in 

• 

o 

aitps 

C-H: 

0.50 V; T.I.: 

0.45 V 

7.5 

amps 


T.I.: 

0.35 V 

10.0 

amps 

C-H: 

0.30 V; T.I.: 

0.30 V 

above 10.0 

amps 

C-H: 

0.20 V; T.I.: 

0.25 V 
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the T.I. Bodels by operating the Push-Button and in the 
C-H models by utilizing the Back-up Power arrangement 
(terminal No. 4) 

Vendor-specified line ventage extremes are 18-30.5 Vdc 
and 95-130 V rms, 400 Hz for T.l. models and 21-32 Vdc and 
104-122 V rms, 400 Hz for C-H models. Limitations of the 
test facility dictated that the RCCB's be tested under 
eictremes of only the dc line voltage. The vendors* speci- 
fications were met by all samples except one T.l. dc unit 
which could not be controlled remotely when the line voltage 
was 19 volts. 

Vendor specifications for overload operation are in 
terms of tripping time and temperature of the RCCB. At 
115 percent overload* the RCCB should not trip within 
60 minutes and its t> ^erature should not exceed 75* C. 

At 138 percent overload, the units should trip within 
60 minutes. At 200 percent overload the specified tripping 
time depends on load rating of the unit as follows: 

Rating Specified Tripping Time 


5.0 

aaps 

C-H 

unit: 

7-40 sec; T.l. 

unit: 

* 

7.5 

amps 

C-H 

unit: 

* ; T.l. unit: 

40 sec 

max 

10.0 

amps 

C-H 

unit: 

12-42 sec; T.l. 

unit: 

42 : 

15.0 

amps 

C-H 

unit: 

• ; T.l. unit: 

55 see 

max 

20.0 

amps 

C-H 

unit: 

14-47 sec; T.l. 

unit: 

* 

25.0 

amps 

C-H 

uni‘ ; 

15-55 sec; T.l. 

unit: 

* 


•Not available for testing. 
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Rating 


Specified Tripping Time 


35.0 amps 

C-H 

unit: 

15-55 sec: T.I. unit: 

63 sec max 

50.0 amps 

C-H 

unit: 

13-55 sec; T.I. unit: 

65 sec max 

75.0 amps 

C-H 

unit: 

13-60 sec: T.I. unit: 

• 

100.0 amps 

C-H 

unit: 

17-62 sec; T.I. unit: 

a 


In the course of testing: 

e One C-H saaple exceeded the specified uaximiu 
tripping ti«e at 200 percent overload » while one 
C>H and two T.I. ac units failed. during this test. 

a Four C-H and eight i.I. units did not trip within 
60 ninutes at 138 percent overload, and one C-H 
sample failed in course of this test. 

e Hleven C-H and two T.I. units tripped within 60 nin- 
utes at 115 percent overload, and one T.I. sample 
became inoperative after this test. 

a Twenty-six C-H and 16 T.I. samples (of 50 amps and 
higher current rating) exceeded the temperature 
limitation at 115 percent overload. 

When T.I. ac samples (3 phase) were tested by over- 
loading one phase while the other two phases were not loaded 
(passing no --arrent) , the samples tripped as specified. When 
the two other phases were carrying 100-percent rated loads, 
overloading of the third phase (200 or 138 percent overload) 


*Not available for testing. 
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caused, in nost cases, a tripping off of the over -loaded 
phase only. This could cause severe probleas during actual 
use of the units. 

Operation of the Push-Button in T.I. aodels, and of 
the Back-Up Power feature (applications of No. 4 terminal) 
in C-H models was found within the vendors' specifications. 

Cutler-Hammer models were wired for 3 phase operation 
and their performance was as specified, i.e., with two 
phases unloaded, overloading of third phase caused tripping 
off of all three units. It was noticed, as in the case of 
T.I. ac models, that when the two other phases were carrying 
normal loads, an overlrading of the third phase resulted, 
in most cases, in tripping off of only the overloaded phase. 

4.2 Qualification Tests 

4.2.1 Space simulation test .— Prior to the space simula- 
tion test, two C-H and two T.I. samples were subjected for 
3 hours to +80'* C temperature at normal atmospheric pressure 
to explore any detrimental effects upon the RCCB. Checks of 
coritact voltage drop, shock hazard duration, and tripping 
time at 200 percent overload, performed after completion of 
this test, did not reveal any changes in the characteristics 
of the test samples. 

Twenty- two samples were subjected to space simulation, 
following the procedure outlined in paragraph 3.2.1. Failure 
of two T.I. units was noticed when remotely controlled 
switching could not be performed at -34* C. Also, these 
units could not be switched remotely after completion of 
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test. Measurenent of contact voltage drop, shock hazard 
duration and tripping time at 200 percent overload on the 
remaining units thereafter did not show any changes in their 
characteristics . 

4.2.2 Acceleration test .— Twenty-two test samples 
subjected to acceleration, following the procedure outlined 
in paragraph 3.2.2, did not exhibit any contact chatter. 

No changes in their characteristics were detected in 
the course of after- test measurement of contact voltage 
drop, shock hazard duration and tripping time at 200 percent 
overload. 


4.2.3 Vibration test .— Seven sauries were subjected 
to vibration, following the procedure outlined in para- 
graph 3.2.3, and three units were subjected to preliminary 
test runs to explore any detrimental effects of this type 
of vibration upon the RCCB's. 

The contact chatter observed during the initial part 
of testing was found to be caused by faulty cabling and 
improper test wiring. Both were corrected and testing was 
resumed. 

In general, most contact chatter occurred when the 
samples were vibrated along the Y-axis (ref. to fig. 7). 

The chatter was either reduced and/or disappeared during 
the subsequent vibration along the other axes, or it was 
sustained and/or enhanced, especially during the long test 
runs, suggesting a deterioration of the sample's performance. 
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As can be seen from Table IV » showing the vibration 
test results in detail, three units (out of 10) did not 
exhibit any contact chatter. Two units exhibited contact 
chatter once during the 50-mission run (Y-axis), and one 
sample showed contact chatter twice during the 50-mission 
run (Z-axis). 

Two T.I. dc samples exhibited repeated contact chatter 
during the 50-mission run along the Y-axis, while their 
indicating contacts exhibited chatter also during the 
30-mission run along the Y-axis. 

In 01 s T.I. ac unit (3-phase) contact chatter was 
observed during the 50-mission run, but only in two phases. 
Indicating contacts were not monitored in this unit (pre- 
liminary tost runs). 

In other T.I. ac samples, contact chatter (phase c) 
started during the 30-mission run when it was vibrated along 
the Y and X axes and prevailed until the end of vibration 
exposure . 

During after- test measurement of contact- voltage drop, 
shock hazard duration and tripping time at 200 percent over- 
load, only one sample showed any changes in characteristics. 
One T.I. ac unit (S/N 30156) could not be controlled 
remotely and was defined as faulty. 
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TABLE IV. - RCCB - VIBMTIOH TEST RESULTS (CONTACT CHATTER) 
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APPENDIX 
TEST DATA 



S.O CONCLUSIONS AND RECOMMENDATIONS 


Liaitatioiis on available manpower and facilities pre- 
cluded the perfonaance of sufficient tests to provide the 
basis for a fira conclusion as to the suitability or unsuit- 
ability of these Texas Instru«ents and Cutler-Haraer RCCB*s 
for use on the Space Shuttle vehicle. A further barrier to 
■aking such a conclusion is the unavailability, at the time 
th's report is being prepared, of firm specifications for 
the environmental requirements for the Space Shuttle v'ehicle. 
It is, therefore, rec-tmaended that no such conclusion be 
draim until additional RCCB test data and Space Shuttle 
specifications are available. 
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APPENDIX 
TEST DATA 



APPENDIX - TEST DATA 


RCCB-ACCEPTANCE TESTING (Notes) 


All testing perforned at roon-aabient condition. 

Insulation Resistance aeasured at 300 Vdc. 

Dielectric Stre* •;cli neasured ^t 1250 V (60 Hz) for 
Texas Instrument models, and at 1500 V (60 Hz) for 
Cutler-Hanner models. 

Vendor's Instruction: No ac -potential to be applied 

between open contacts (A^-A^). 

Testrunit did not trip-off within 3605 seconds. 

OPERATIONAL CHARACTERISTICS: 

— Load Control Switch; 

— Trip free operation; 

— High-low line voltf.ge: 

Cutler-Hanner — 122. - 104. V (400 Hz) 

32. - 21- V (dc) 

Texas Instrument — 130, - 95. V (400 Kz) 

30.5 - 18. V (dc) 

— Auxiliary, or indicating terminals' operation; 

— Back-up power operation (Cutler-Hanner only); 

Push button operation (Texas Instrument only). 

10. aap.-ioad per phase. 

High- low line voltage tc«t not perfonued. 



RCCI'ACCEKANCB TISTING Q] (t«»t 4MA) 10«1«*72 



































































































RCCI'ACCmAMCB TBITtNO Q] (tttt d«ta) 10*S0-7t 




























































































RCCI'ACCinANCB TMTINO Q] (t«ft BsttJ n*2l«7i 
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RCCI'ACCemNCR TMTIM2 Q] (tttt data) It>2l>72 
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RCCI'ACCBPTANCB TBSTIMO [J] ((Mt BaU) 


































































































































RCCB-ACCEPTANCB TESTING fX] (t*»t data) 12*20*7S 















































































































































































RCCB-ACCEPfANCB TFSTING Q] (t«st 4au) 1-16*73 








































































































RCCB* ACCEPTANCE TESTINC Q] (ttat dau) 1-16-7S 
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ABSIBACT 


Several atodels of hemetlcally sealed toggle switches marketed 
by two vendors^ Micro Switch and Cutler-Baianer, as meeting the reqmire- 
Bsnts of NIL>S> 3950 r were evaluated to determine the probability tnat 
th^ could withstand the environm^tal requirements of, and therefore 
-be suitable for use on, the Space S'uuttle vehicle. evaluation vas 

started witi. a caiQMurison of the envlroimental requiraaents of vendor- 
performed testing and specifications for Space Shuttle hardware. This 
was followed with in-house testing for those environments where a 
reasonably firm conclusion could not be drawn in the coiqparlson. Space 
simulation, eu:celeration and vibration testing were performed in-house. 
After the latter of these, the switches were judged to be unsuitable 
for use on the Space Shuttle vehicle and the evaluation effort was 
terminated. 
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EVAUJATIOH REPORT 


FOR 

TOGGLE SHITCKES 

MICHD SWITCH AND CUTEER-HflMMER 
MODELS PHI Mn.-S-39^ 

1.0 UnSODUCTION 
r .1 Background 

As a restdt of a problem experienced with toggle switches during 
the i^ollo program, the Power Distribution and Control Branch at 
Lyiidon B. Johnson Space Center has initiated evaluation of several 
types of toggle switches per the environmental requirements of the 
Space Shuttle vehicle. The results of this evaluation x'or three types 
of environmentally sealed toggle switches narke-uec jy *-wo different 
vendors (Micro Switch and Cutler-Hainner) as meeting the recyironents 
of MIIi-S- 3950» are rex>orted in this doctunent, 

1.2 Summary of Eh/aluation 'Program 

For purposes of this evaluation, these switches were considered to 
be, by virtue of the vendors' test data, in full compliance with Che 
requiranents of MIIi-S-3950. A con^iarison of this specification, in 


1 



aid-i^rll of 19T3> TfiXh the then-aveileble docueentatlcm specifying 
the en v i rof entel re^plresents for casponente of the ^pace Staottle 
itiilcle Indicated that space slaolatlon (taapetatore-altitode), 
acceleratian, Tlhmtioa and shock testing should be perfoned. Other 
enTtraoBentaX reqotizeaents of these two spec Ificat lone ware stnllar 
ecoQ^ to warrant reasonable confidence that the switches could 
successthlly coapXete ^pace Stazttle igoaliflcatlcm testily. Several 
na^lnn, inelnding diffesant contact canflgazatians, of the three 
types of switches were subjected to space sisnlation and acceleration 
testing and exhibited no perfamence anonalles. A Maiiw gro u p of 
sasqples UBS subjected to sihiatiDii testing and, when subjected to 
-vibration for a total daxatlon siMulating up to 20 Sgaae Stauttle 
aiscii'Q-cycles along an axis appraxisately parallel to the switches* 
actuating handle, exhibited fre^zent chatter of normlly-closed 
eostects. Because the ratgiiresants for the Qpace Stacttle include 
a total eliable life expectancy of 100 aiseicms, these switches 
we judged to be onsuitahle for Qpace Shuttle use. Shock testing, 
therefore, was not perfomed. 
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2.0 Knnumm paocam 


2.1 %ecifi^tloa OoBfiariBOii 

9ie envirmectal re^iimects of KIL-STD- 3930 ^ to irtiich the 
switches were desigped sad tested tor the w^idozSf and the conespcndiag 
requlxeaents for the Space Shsttle wdiicle as specified in 3SSA. M5C 
dncneent SP-T-^0023> dated Jhne 30 » 1972, entitled, "S^^ificacion 
BxviiraanBental Jce^tance Testiiiif , were coipaxed. fhe poxpose of this 
coB^srisoa was to provide a basis for deciding which envimtarntnl tests 
to inclnde in the in-house test pro g y a n and which envizoneental tests 
could reasonably be exdnded fToa it. Becanse the S^pace Sbutttle environ- 
nental reqtiireaents had not yet been finalized, George C. Marshall 
Space FLi^rt Center Specification *«OIQ6202 was included in the ccri>arison 
as a Beans of Inoedening the total infoiBstion base upon which to 
base the test/uo-test decisions. 


The resnlts of this coeqparison are soon In TBble I. Based on 
this InfotBBbion, it was decided to test the effects on the switches of 
space siailatlon (tesperature-altltode), aceelemtlon, vibration end 
shock. 
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2«2 aiEaee Siaolatlon ( H Bfet a tn.- 4Itltaite) Ttetlng 


2.2.1 Test aawple. - A total of 36 indivlAual switches of the 
■llitaiy standazd types MS 2^523 (one pole), NS 2t52A (two pole) axsi 
MS 2^525 (four pole) were subjected to the eznrLroxaental stresses- of 
space slailatloo. A coeplete list of the switches, including types, 
contact configurations and ■amfkcturer. Is shown in Teble H. 

2.2.2 Test procefere. - Because of the difficultar of actiwatii^ 
■echanical switches irtdle they are sealed inside a wbcuvbb chaaber, the 
test saaple was subjected to the teeperature and altitude cocdltlons 

rprescribed in MIXr<OT)-8]CB, M e t ho d 51-7.1, Proeedare II witbaut being 
opented either electrically or aecfaanically. Ihe voltage drop acroes 
closed sc ntacts idiile passing BC currents of 0.1 and 10 a npe r e s vas 
neaonred both before and after the enrironKntal eiqpoeure. 

2.2*3 Test results. - Bone of the 3^ switches exhibited any 
noticeable change in voltage drop across closed contacts after exposure 
to spece slBilation as coivared to before this eiqposure. 


2.3 Acceleration Testing 


2 . 3.1 Test sasg>le . - LTe sane 36 switches, as listed in Table II, 
that were subjected to space sinulatlon, were subjected to accelezwtion 


testing- 
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2.3*2 Tteat Proccdare. - The svltches were subjected to an eceelera* 
tion of 22.58 duration of tso ainutes in each direction of three 

itnally perpendicular axes. As viUi tbe space siaulation test, before 
and after erposare to tbe acceleration, the soXtaee drop across closed 
contacts abile passing 0.1 and 10 aspe r es SC aes neasurei. In addition, 
using the sane eqaliwcnt and techniqae described below under vibration 
testing, chatter (undesired aonentarj operlog) of nonally-cloeed 
contacts uas oonitoxed during exposure to the acceleration. 

2.3*3 Ibst Besults. > Is contact chatter uas detected durii% any 
of tbe acceleration eigposnre nor ana tbere any degradation of the voltage 
drop across closed contacts as a result of this ei^asure. 

2.^ Vibration Sestlng 


2.4.1 Test sample. - Because one-half of the total of 36 switches 
had been exposed to vibration deviously and because three of those 
renainlng had only mnentazy action, only 15 of the switcher were 
subjected to vibration testing. 9ie detailed list of these 15 is 
shown In Table H. 

2.I<.2 Test procedure . - 

2.4.2.1 Biviroimental ; The 15 switches were divided into two 
grougps, one of el^it (grvwqp A) and one of seven (groiq> B). ESch gr&up. 
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ooK at « tiM» m» aoibjeetad to a sarlw of siMilataS ■lasioM. Bfteh 
slMOataA alialon eoaalated at nadOB YltaatlMi for a dozation of TO 
■acondt vlth aa ace^Lnatioa ^peetral danslty tncreestng at a rate of 
3 dB/actaem tram 20 flt to 80 Bk^ rw Inina caostaat at 0.06^/Bb team 
80 Bb to 390 & cod dnrreenlna nte of 3dQ/oetafe frcai 350 & 
to 2000 Rs. 

Tbe first test ^ase consisted of slaolatlng too aissions, i.e«» a 
total of INO seconds, in eaeli of the three axes. (9ie rltoatlon ares 
are ehom la figoze I.) fhe next phase consisted of siwlaticg fi-ve 
slBsians, l.e«, a total of 350 seconds, in each of tbe three axes. 

This SBS folloMd by another fi've-aission phase and then phases of 10 
adssions, 30 aissions and 90 aisidons each, (ihe SO aisslaa phase aes 
not perforaed on the second group of switch s.) This resulted in a 
total vibration duration cf ^iproxiaately two hours in each axis. 


2. ^.2.2 Electrical: ds previously discussed for space slmlatlon 

and acceleration testing, the voltage drop across closed contacts 
with DC currents of 0 and 10 eoperea was measured before and after 
the total vibration exposure. 

During vibration, contact chatter vas monitored using a Continental 
Testing Leboratorles, Inc., Model Transient Monitor. The test 

seti^ is shewn schematically in figure 2. All fixed contacts of all 
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Bvltcbes (one graap at a tlae) were connected together and to the posi- 
tive tenalnal of the 26-volt DC power av^ly. All wovable contacts 
of any one switch were coonected together, to a UXX>-ohB resistor and 
to one channel of the transimt wonltor. fhe other side of the 1000-oIb 
resistor was connected xo the negative teminal of the power supply. 

Hlth the exception of the first flveoadseion ptese of the vibreticm, 
only noewnlly closed contacts were wonitored for chatter. IXirlng that 
first flve-nission phase, the sawe pairs of contacts were ■onltored 
hat the switches were activated sr that these contacts were iu a 
nomally open position. 

2.^.3 Test results. - Bo degradation of voltage drop across 
closed contacts as a result of the vibration exposure was noted. 

The nusd>er of undeslred c(»tact openings detected durii« each 
phase of vibration for each of the three axes is tabulated in Tables III 
and IV for groqpa A and B respectively. It can be seen that, with 
vibration applied almg the X axis (peunallel to the switches* actuating 
handlra) the nintber of undeslred contact openings shows a narked Increase 
during the lOHBlssion phase, or after a total eiqposure corresponding 
to approxinately 20 nlaalona. The awitches were mich less susceptible 
to vibration eloag the Y and Z axes. For group B, because two of the 
switches daring the lO'^nlssion phase and all of the switches during 


7 



tbe 30 -alssioa ptese reached a state of eontlnuoas chatter on the 
X axis, the go-elaeton phase aas not p erfor M s d. 

2.$ Shock Tiesting 

Beeans e the perfOcnaace of these svitehes daring the eihration 
testing caosed that to he Judged nneatls ft ctaty for S^‘ece Shittle nse, 
no shock testing nas perfiaosed* 


8 



3.0 OOBCIOSIOBS 


Tbe contact chatter detected during vibration e:q>oeure after a 
duration siaulating approxiiiiately 20 Space Shuttle missions shovs them 
to be TiDsuited for use in flight systems for this program. 

The limitations of the contact chatter test equiimient and techniques 
only served to give the svltches the benefit of the doubt. %e transient 
acmitor used to detect the chatter has to be reset manually after ''he 
operator has noted and recorded the occurence of a transient (contact 
opening). This Eunerous transien'ts could have occurred which were not 
recorded by the operator. Tbe fact that all poles in each multi-pole 
switch were connected in parallel could only have prevented recognition 
of possibly more contact-openings than were noted. 
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4.0 RBBOMCRDAXIOIB 


It is recoBBCoded tliat svltcbes nstteted by Kiczo Svltch and 
CutleroBBoner as s&tisfying tbe reqairsBents of HIIi-S>3950 and military 
standards MS 24523, 16 24524 and MS 24525 be considered unsatisfactory 
for use on tbe Space auttle vehicle unless and until additional infor- 
matics to tbe contrary is provided by otber sources. 


10 




Toggle Switches 
Under Test 
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Figure 2. - Test r>etup J’or Mon1,torJ.n(3 Cont^jcL Chatt.cr 
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Table I. “Comparison of Environmental Requirements (ContlnU' 
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teble in. - Analomalles Detected During Vibration Ebcpoeuro • r^oup A 
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UOTliil: *CtJritu'.:Lfi opo.i for first ^-mlsoXon plvieei closed for all ot.iera* 

A t i'ix'ioon nnf>mttl fo,i du'- to loose connection 



Table IV. - Anomallen Detecite^J iMring; Vibration Rxpodurc Croup B 
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1.0 INTRODUCTION 


1.1 Background 

As a part of a continuing progran to find suitable 
candidate hardware for panel switches in the Space Shuttle, 
a prelininary evaluation of environnental capabilities was 
undertaken on toggle switches nanufactured b/ Daven Measure - 
■ents Division of Edison Electrcmics (Daven part nunber 
45000-xxx) and on Apollo>type toggle switches nanufactured 
by Texas Instrunents, Inc. (Rlixon xxLSx-x) . It was not 
the purpose of this evaluation to qualify these two types 
of switches to the detailed requiments of the Space 
Shuttle environnental specifications, but rather to take 
a "first look" at their tested capabilities for the purpose 
of detemining idiether the candidate hardware appears to 
have a good chance of successfully conpleting a detailed 
environnental qualification test progran. 

1.2 Sunnary of Evaluation Progran 

The initial phase of the evaluation reported herein 
consisted of conparing the denonstrated environnental capa> 
bilities of the two candidate switch types to the latest 
available Space Shuttle environnental requirenents . The 
docunents used for this conparison were: 

e Certification Test Requirenent, Apollo Block II, 

Part No. ME4S2-0102-1101, North Anerican Aviation, 
Inc. , 18 February 1969 (for Klixon switches) . 
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• Specification 40N38202, George C. Marshall Space 
Flight Center, 3-27-70 (for Oaven switches). 

e Specification NC450-0016, "Controller, Master Events**, 
North Anerican Rockwell Corporation, 22 August 1973 
(Shuttle requireuents) . 

Based on the comparison of environmental parameters in 
these three documents, it was decided that additional 
information was needed concerning the capability of the 
switches to withstand exposure to random vibration without 
contact chatter. 

The Space Shuttle temperature and linear acceleration 
requirements were not judged to be severe enou«*h to neces- 
sitate additional tests to satisfy the purposes of this 
evaluation. Successful techniques for hermetically sealing 
such switches have been in use for some time and hence it 
was felt that the purposes of this evaluation could be well 
satisfied without particular concern f >r the survivability 
of the switches in vacuum, explosive atSMb^ihere, and sand 
and dust. 

As described below. It Klixon and 8 Daven switches, of 
several different contact configurations, were subjected to 
random vibration with the most recently defined power 
spectral density for the Space Shuttle as of the date of the 
test. 
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2.0 EVALUATION PROGRAM 


2.1 Specification Coaparison 

As indicated in section 1, the tested capabilities of 
the Texas Instruaents (TI) switches and of the Daven Measure 
aents switches were coapared to the aost recent stateaent 
of environaental exposure requireaents for the Space Shuttle 
available at the tiae the coaparison was wade. The contents 
of the three docuaents used for this coaparison that were 
deeaed pertinent to the purposes of this evaluation are 
suaaarized in table I. 

Although the tested capabilities of the two types of 
switches for salt spray and humidity do not match the stated 
Shuttle requireaents » aost notably with respect to the 
duration of exposure, the ability of devices to withstand 
these environaents should be priaarily dependent upon the 
materials used for the exposed surfaces and the techniques 
used to seal the package. Similar components have been made 
that can withstand such extended exposures, so it was felt 
that these two types of switches could successfully complete 
detailed qualification testing without redesign, and that 
actual testing, for this evaluation, was unnecessary. 

The tested temperature capabilities of the switches are 
reasonably close to the Shuttle requirements for equipment 
located in the crew compartment. Even the temperature 
requirements for qualification tests, which are slightly 
more severe than those actually expected (and quoted in 
table I), are not so severe that evaluation tests at tempera 
ture extremes were deemed to be a necessary part of this 
evaluation. 
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TABLE I.- COMPARISON OP ENVIRONMI NTAL SPECIFICATION REQ'I I REMENTS 
FOR TEXAS INSTRUMENTS AND OAVEN MEASlIRKMiNtS 
TOGCLE SWITCHES VS SPACE SHUTTLE TENTATIVE REQUIREMENTS 
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The Shuttle qualification test requirenents include 
vacuum conditions (10 torr) in association with temperature 
cycling. The TI switches have demonstrated an ability to 
withstand pressures at least as low as 10*^ torr. No evi- 
dence was found of similar tested capabilities for the 
Daven switches. However » this capability should also be a 
function of a properly sealed package, and not the basic 
switch design. Hence, supplemental vacuum testing was not 
considered a necessary part of this evaluation. 

Although thei? is some minor difference in wave shape, 
both types of switches have been tested at higher levels of 
shook than those required for the Shuttle. Hence, no 
shock tests were performed. 

The Shuttle vibration requirements have total energy 
levels approximately equal to or below those at which both 
switch types have been tested. However, the distribution 
of this energy across the frequency spectrum is different 
in all cases. Because of this, supplemental vibration 
testing of both types of switches was considered necessary. 
(Note; The power spectral density (PSD) used for these tests 
was different from the requirements stated in the reference 
document for the Shuttle. The PSD to which the switches 
were actually exposed was chosen because of a more recent 
statement of Shuttle requirements than that quoted in 
MC4S0-0016). 

Neither the TI nor the Daven switches apparently have 
been tested for satisfactory operation while being exposed 
to linear acceleration. Although the Shuttle requirements 
include exposure to such an environment (±4 g’s for 
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5 ain/axis), the level is so low that no anoaalies should 
reasonably be expected after successful completion of the 
shock and vibration tests which are documented. For this 
reason, no supplemental linear acceleration testing was 
deemed necessary. 


2.2 Vibration Testing 
2.2.1 Test Sample 

A total of 24 switches were exposed to the random 
vibration spectrum described in paragraph 2. 2. 2.1 below. 

To facilitate this exposure these were divided into three 
groups of eight switches each. Two of the groups, i.e., a 
total of 16 switches, were comprised of Texas Instruments* 
*'Klixon** switches, as follows: 


Group 1 — 

Quantity 

2 

Type No. 
11LS2-2 

1P2T 

Configuration* 

MA-MA 


2 

23LS3-2 

3P3T 

LK MA-LK NA-LK MA 


2 

14LS2-3 

4P3T 

MA-OFF-MA 


2 

13LS3-2 

3P2T 

LK MA-LK MA 

Group 2 — 

2 

12LS2-2 

2P3T 

MO-OFF-MO 


2 

12LS3-3 

2P3T 

MO-LK OFF-MO 


MA « Maintained 
MO « Momentary 
LK = Locked 
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Quantity 

Type No. 


Configuration* 

Group 2 — 

(con*t) 2 

23LS2-S 

3P3T 

[ma-ma-off 

OFF -MA OFF 

[ma-ma-off 

2 

18LS2-1 

3P3T 

MO-LK CFF-MO 

The last group was comprised 
switches, type 45000-xxx, as 

of the Daven Measurement 
follows: 

Quantity 

Type No, 


Conf igurat ion* 

Group 3 — 1 

-201 

2P2T 

MA-MA 

1 

-202 

2P2T 

MA-NO 

2 

-308 

3P3T 

MA-OFF-MA 

2 

-204 

2P3T 

MA-OFF-MA 

2 

-207 

2P3T 

MO -OFF -MO 


As can be seen, two of each type except the Daven -201 
and -202 were included in the total test sample. Only one 
of these two Daven types was tested because additional 
switches were not available. 


n 

MA » Maintained 

MO « Momentary 

LK = Locked 
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2.2.2 Test Procedure 


2. 2. 2.1 Environmental . The test sample was exposed 
to the following random vibration under room ambient tempera- 
ture and pressure: 

10 Hz § 3 mg^/Hz 

10 Hz to 24 Hz 8 +12 dB/octave 

24 Hz to 160 Hz 8 100 mg^/Hz 

160 Hz to 2 kHz 8 -6 dB/octave 

2 kHz 8 0.6S mg^/Hz 

(Overall level of 5.37g rms) 

The total duration of the exposure was 1 hour and 
59 minutes in each of three orthogonal axes. Definition of 
these axes relative to the physical characteristics of the 
switches (viewed from the terminal side) is included in 
figures A-1 through A- 3. In order to maintain the accumulated 
exposure duration equal, within practical limits, in each of 
the three axes, the switches were first exposed for two 
simulated missions in each of the three axes. (A simulated 
mission was defined as an exposure of 70 seconds.) Next, 
they were exposed for five missions in each axis. This 
was followed by a second 5-mission exposure in each axis, 
then 10 missions, 30 missions, and finally 50 missions in 
each axis. 


2. 2. 2. 2 Electrical . Before and after vibration 
exposure, the voltage drop across all possible closed con- 
tacts of each switch was measured at load currents of both 
0.1 and 10.0 amps. Because, in most instances, slight 
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variations in the test setup prevented exact repeatability 
of these measurements, a minimum of three readings were 
taken for each terminal -pair at each load currenc. Both 
the minimum and maximum readings were recorded. 

During vibration exposure contact chatter (inadvertent 
opening of normally closed, or closing of normally open 
contacts for 10 ps or more) was monitored. The test setups 
are shown in figures A-1 through A-3. On all switches having 
maintained normally closed positions, the contacts were set 
to these positions. Insofar as possible within available 
maintained positions, the two switches of the same type 
were set to different positions. For these normally closed 
contacts, all such p-irs of contacts on each switch were 
connected in series, thus providing a single signal for that 
switch to the chatter detector. On those switches where 
normally open was the only maintained position available, 
all contact pairs were connected in parallel, thereby again 
providing a sinjle signal for that switch to the chatter 
detector. 


2.2.3 Test Results 

The test data forms appendix A to this document. With 
one exception, very little or no contact chatter was detected 
during vibration exposure. Although there were differences 
(both increases and decreases) between the contact voltage 
drops measured before and after vibration exposure, no 
definite degradation in the performance of any of the switches, 
including the one which exhibited excessive contact chatter 
during vibration, was detected. 
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Of the 16 TI niton switches tested, no contact chatter 
was detected in 10 of then. All cliatter detected in the 
other six switches was noted in at least two switches 
siaultaneously, indicating thst at least half of the detected 
signals were erroneous. (The chatter ponitor used exhibited 
not only this channel- to~channel crosstalk, but also suscep- 
tibility to noise on its power line. Several channels 
indicated detected chatter when a large rollup door in the 
hi -bay near the vibration facility was opened.) 

Of the eight Daven switches tested, no chatter was 
defected in two of then. Unlike the results for the Klixor. 
switches, however, only part of chatter detected in the 
other six occurred in two switches siaultaneously. One of the 
six, a -3p8 (3F3T, HA-OFF-MA) exhibited continuous chatter, 
starting during the 10 -minute exposure and continuing through 
the SO -minute exposure. During this time, the chatter 
monitor channel was changed to verify that the monitor was 
not at fault. It should be noted that ne significant degra- 
dation in contac: voltage drop was measured on this switch 
after vibration exposure. It should also be noted that 
another -308 switch was tested, with its toggle in a differ- 
ent position, at the same time and this switch exhibited no 
chatter at all. 
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3.0 CQNCUJSIOMS 


No previously docuaented or in>house test data was 
found which should disqualify either of these two types of 
switches froa further detailed evaluation. The continuous 
chatter exhibited by the one Daven switch was unique and is 
felt to be a result of soae flaw in that particular switch 
rather than the basic switch design. 
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4.0 RECOMOENDATIONS 


It is recoBBended that both of the two types of switches 
ewaluated herein be considered candidate for use on the 
Space buttle unless additional inforaation or considerations 
indicate otherwise. 
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APPENDIX A 
TEST DATA 
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Simultaneous contact-chatter signals during 50*mission run (time of day): 
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Figure A- 1 . - Vibration test setup • TI switches, group 1. 
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Figu**e A-2. - Vibration test setup - TI switches, group 2. 
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Figure A-3. 


- Vibration test setup • Daven switches. 
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ABSTRACT 

An intensive study of various Saam of transducers «ias conducted 
with application towards hexsetioally sealing the transducer pidc 
off and all electronics, tbe results of the study indicated that 
the Ball effect devices and a LBD/phototransistor coebination 
were the aost practical for this type of application. Therefore, 
hardware was developed utilising a nagnet/Ball effect transducer 
for single action switches and LBD/il^iototransistor transducers 
for rota^ nultiposition or potentioneter ^^lications. All 
electronics could be housed in a hemetically sealed exmpa rt w e nt. 
A nunber of switches were built and aodels were hemetically 
sealed to prove the feasibility of this type of fabrication. One 
of ea«di type of switch was sidtjected to tenperatnre ^ellng, vib- 
ration, and EMI tests. The results of these tests are indicated 
in the following report. 
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RESULTS 

The xesults of this project axe: 

1. An operating switch panel conforming to the requirewents 
of HAS-9-13144. 

2. Test data taken during enviroaunt nl tests perfomed on 
selected awltdi and rotary cosponents. The tests per- 
formed were conparable to tests run on NASA flight 
hardware delivered on the slqrlab project. Satisfactory 
results were obtained on all tests. 

3. Reliability data indicating NTBP for selected devices. 

4. A project retort covering the study {diase of the project 
and containing test data, schesntics, and outline 
drawings of the switcdi devices and tte mounting panel. 
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COMCLUSIOliS 

Tbe results o£ this project indicate that solid state switches 
and rotary cosqponents cs^table of neeting the requiraents of 
manned space flight are feas^le and well within the current 
state of the art. The environmental and reliabili^ data indicate 
that a production unit would have the si^erior reliability 
associated with solid state equipment. The large selection of 
contact closure types will allow swit<dies to be fitted to various 
reqi ...ements. A phase II production ^fpe unit would be padcaged 
in a SBT J.ler and lighter housing. The feel of eato switdi and 
the .^roat panel appearance would be improved in the phue II 
design. 
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RECOMIBIlDlfflOH 

The stuc^ indicated that the Most efficient switch is one designed 
to swit^ a specified voltage and current. Using a high current 
switdt to handle a low currut is inefficient. Any production 
switches should be designed for a specific power level. 

In production quantities a hybrid pa<±age containing all the 
electronics is recoseendsd as a way to save sixe and increase ^ 
reliability of the solid state switdi devices. 

Reduction of switch sixe would allow the toggle section of the 
switch to be brought flush to the panel surface and otherwise 
ieprove the appearance of the switches. 

It is also recoasiandad that a closer analysis of the fi^t panel ^ 
renovability criteria be nade with an effort to reduce the 
panel area used for fastening. 
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INTRODUCTION 

The purpose of this report is to sunnarise the results of a 
study roaducted to uetenrine the optinnim transducer type and out- 
put circuitry for a solid state switcdi configuration and to 
deiBonstrate with hardw«ure« the feasibility of the resulting de- 
signs. Two basic types of switches are required, a single action 
switch (toggle, pushbutton) and a multiposition rotary switch and/ 
or potentiometer. Hie switches will be designed to be hermet- 
ically sealed and removable as an integral unit from the front 
of the panel. Selected switcdies contain a Light E^nitting Dioie 
(LEO) display indicating >the status of the switch position and/or 
operable or failure mode. 

The various types of transducers studied included the following: 

• Light 

• Capacitive 

• Hall effect 

• Magneto-resistor 

Many factors «rere considered in selecting the appropriate trans- 
ducer for the application and the necessary circuitry for the 
switch output. They were as follows: 

• Type of excitation required 

• Power required 

• Cost 

• Size 

• Reliability 

• Hermetic sealing capability 

• Cross talk effects 

• Packaging 

• Switching characteristics 

A matrix indicating these characteristics of the various transducers 
are shown in Table I. 


f*:a : i *: 


1-1 



TABLE X. TRANSDUCER MATRIX 
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MAGNETO 

RESISTOR 

.050 WATT 

DC 5-lOW 

MODERATE 

NONE 

COMPATABLE 

MODERATE 

ONE SEMI- 
CONDUCTOR 
AND DRIVE 
CIRCUITRY 

TRIGGER 

REQUIRED 
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The results of the study indicated that the Hi?.l effect trans- 
ducer is the most effective for the single acv.'on switch and the 
L£D/phototransistor is the optimum device the multiposition 
rotary switch and potentiometer. 

Dependent upon the function of the switcl., four types of output 
circuits were selected to interface with peripheral equipment. 

The determining factor in the circuitry was the contact rating of 
the switch. 


• 

High current 

DC 

(10 AMP) 

• 

Medium current 

DC 

(400 MA) 

• 

Low current 

Analog 

(50 NA) 

# 

Low current 

AC 

(I AMP) 


To insure relicd>le operation, redundwt circuitry has been inclu- 
ded wherever size and circuitry dictates practicability. The 
s^ibject of man-hardware interface has not been discussed because 
standard mechemical switch actuating devices are used for inputs 
with normal actuating pressure loads and travel. 

Envelope drawings and schematics are i: .eluded in the appendices 
ejection 8) indicating the design approach configurations for the 
Phase I program. Production versions of these modules would re- 
quire some modification for facility of fabrication cuid appearemce. 
As a result of the study program, a pcuiel was fabricated including 
25 single pole or double pole toggle and pushbutton switches, two 
rotary 10 position switches and two potentiometers as indicated 
in Figure 1. 


1-3 


f4jcr 1 an 




L ' 


nOUM I SOUD nATt SWITCH PANH 


REPRODUClli/i 

obigina;. PAui' is 














THE StHGEH COMPANY 
KEANFOTT DIVISION 


Y256A226 


REV 


TECHNICAL DESCRIPTION 

The following four basic ar*5as were studied in order to produce 
the required switch/no ten tioxne ter configurations for the switch 
panel : 

• Transducers 

• Mechanical Packaging 

• Output (switch contact) circuitry 

• -id state potentiometer circuit configurations 
TRANSDUCERS 

Many types of transducers were evaluated to determine optimum 
switch transfer. For each transducer the source and s : of the 

switching medium is discussed along with the various configurations. 

magnetic CIRCUIT TPANSDUCER 

A magnetic circuit transducer depends on changing magnetic flux 
for switching action. A mechanical switch change occurring ex- 
ternal to the hermetic seal changes the reluctance of the mag- 
netic circuit. This flux change is sensed inside the hermetic 
seal and interfaced with the logic section of the switch. Both 
alternating and direct flux devices have been reviewed • 

DC Devices 


The flux flews in only one direction in a direct flux circuit and 
is a function of the following relationship. 

_ MMF 
* " R 

A change in the flux is sensed and a typical simple switch is 
illustrated in Figure 2. With the switch open as in Figure 2 a 
high reluctance air gap exists in the magnetic circuit. If the 
missing slug is moved into the gap, the reluctance is diminished. 
This incre es the flux and changes the characteristics of the 
flux sensina element. Two sources of uimf appear most appiopriate 
ter switch applications: permanent magnets or solenoid coils. 

Permanent magnets require the following characteristics to hv 
effective. 


: 72 
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• Saall site 

• High iaduchion 

• High deaagnetization force 

Of the present co—crcially available magnetic ■aterials, the 
following besi suit these characteristics: 

• Cerasdc permanent magnets 

• ALMICO SERIES* 
e Geoor* 

The life duuracteristic of these materials (tise of retenti<m of 
useful magnetic properties) has been estimated at ^iprosKimately 
IS ye^lrs. 

Solenoid coils require electrical power in onter to <^rate. 
However t these devices utilize amterials whi^ are more readily 
available than magnets and do not require any special handling 
techniques as is soamtimes the case with magnets. Of the flux 
sensing elements available tiie following eidiibit the most suitable 
properties for switcd: application: 

• e Pick up coil 

e Hall effect device 

• Magnetic resistor 


e Pick Op Coil - The si^lest r>f the three devices is a pick 
up coil which is a coil of wire of many turns wound around 
the magnetic core. This coxl does not require a gap in the 
magnetic circuit which greatly increases the reluctance 
and, therefore, reduces tue magnetic strength required. 

Many magmtic materials can be used for this application. 
The greatest disadvantage of using a pick «q> coil in a 
direct flux circuit is the fact that a coil can only sense 
a chan^o in flux. Therefore, an output voltage would only 
be available from the coil during switdiing transition. 
After the coil has reached a different steady state valve 
as a result of the new switch position no voltage is pres- 
ent at the coil. The logic necessary to sense these 


*Trade name of a General Electric Co. product 
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transient: pulses is relatively sisctle* howe ver, the prob- 
lesi exists in the initial start up procedure. The use of 
this device is liuited to scsentary switch applications 
«diere the switch Mode of operation is in the norsally off 
condition. 

e toll Effect Device - The toll effect elenent is a seadcon- 
ductor device that generates a voltage as a function of 
control current and uagnetic field. As illustrated in 
Figure 3 control current is passed through cme axis of the 
sesticonductor. The toll voltage will appear perpendicular 
to the control current at the edges of ^e seniconductor 
chip. This voltage will be a function of the aognetic 
flux passing throng the chip pei^poidicnlar to both control 
current and the output voltage. In the switch application , 
-tiiis voltage is used to control the switch output. The 
advantages of the Hall effect device are: 

e Ssall size 

e Oetectiem of steady state flux levels 

e Life and reliability similar to silicon seadoonductors 

Because the Hall effect device has a relatively low ou^ut 
voltage (in the order of SOsnr) an aag>lification stage is 
necessary as an interface between the transducer and the 
switch output circuitry. The control current required 
for the Ball effect device is ^proxinately 5 50 NA. 

The Hall effect device is nade very thin (.006 inches 
typical) in order to retain a high flux densi^ across 
the Ball device in the <» condition. 

A device availahle from Hcxteywell Hicroswitch incorporates 
a toll effect device, and an amplifier and trigger circuit 
in one integra*-i d caip. This device <^>erates on low levels 
of flux and prcv'*des as in output two csirrent sinks. In 
addition to being saiall .*nd sensitive this magnetic 
switdi requrres very little power to operate (30 mr max. 
at 5 volts). This power level is equivalent or lower than 
most flux sensing devices siade of discrete parts. 

The device has been designed to c^erate over the stan- 
dard Military temperature range (-55*C — -M2S*C) and 
is available off the shelf from Micro-Switch. The device 
is sensitive enough that no specific flux path need be 
incorporated in the hermetic seal. The switch will sense 
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tlie presence of a snail SMgnet at distance of .090 in. with any 
non-segnetic eaterial between the nagnet and the sensor. This 
feature will greatly siaplify the process of hemetically sealing 
the final package. 

e Magneto Resistor Magneto resistors are solid state 
passive devices that ^lange their resistance in the pre- 
sence of a eagnetic field. The devices are thin crystals 
of IndiuB Antintmide with electrical connections at both 
ends (Reference Figure 4a). The crystal is a senicon- 
doctor with a grid-like condneting naterial running per- 
pendicular to the direction of the current flow. With 
no flux passing through the device current flows p«rpen- 
dicnlar to the conducting bands iu^aated in the sesd- 
condnetor. Under these conditions the device exhibits 
its lowest resistance. If flux is allowed to pass through 
the device, the current is forced to travel a greater 
distance etween conducting bands (Reference Figure 4b) . 
The longer current path increases the resistance between 
the ends of the device. Typical ratios between saTisne 
and uinieun resistance are on the order of 13 to 18 for 
sensitive devices. The a^lication of the nagneto 
resistor is siuilar to the Hall effect devices in that 
they are nounted in the gap in the nagnetic circuit. 
Magneto resistors have the following advantages: 

e Snail size 


e Low power 

e Life and reliability similar to silicon semiconductors 


Po%fer consumption of magneto resistors is a function of the input 
current and resistance and is, therefore, in the order of aw. 


Alternating Magnetic Flux Devices 

Alternating nagnetic flux can also be used to convey nech£mical 
switch status through a hermetic seal. Switches of this type 
operate using transformer coupling. This nethod would require 
the tse of AC signals inside the hezamtic seal. Because AC 
signals must be generated to produce the alternating flux and 
later rectified to interface with the logic and switch sections, 
this method will consume more power and be sore complex than 
direct flux circuits. 
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The only source of alternating flux convenient for use in this 
application is a coil of wire around the nagnetic flux path. 

The optinm frequency at which the flux should oscillate will be 
a function of core losses in the ■agnetic circuitf the size of 
the oscillator t and the anoimt of radiated energy acceptable. 

The greatest disadvantage to this type of design is the possible 
energy radiated to other switches and circuitry behind the 
switch. This radiation can be nininized to soaie extent by plac- 
ing a nagnetic shielding around the switch and fiNI filters on 
the electrical lines, ho«iever, this would coaqilicate both the 
packaging and the BLanufactnre of the final switch. 

All the sensors trtiich sense direct flux also sense alternating 
flux. Of the three types discussed (pick up coil. Hall effect, 
nagneto resistor) , the pick np coil is the sost adaptable to 
alternating flux. A transfomer type switdi using coils night 
operate as follows: 






In the configuration above, coil N. is not strongly coupled with 
coil N 2 > Coil N2 is a fe<» abaci; circuit for the oscillator. 

With the slug rea»ved from the Buigs*>tic path the feedback is in- 
sufficient to naintain oscillation. This results is a zero volt 
age output at the full wave rectifier. If the missing part of 
the core is placed into the magnetic circuit, coil N]^ is coupled 
to coil N 2 providing feedback to the circuit. This causes the 
circuit to break into oscillations and provides a DC voltage at 
the full wave rectifier switching the latching logic. 
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The selection of the saterial to fora the magnetic core, is based 
on a number of factors. 

• Magnetic properties 

• Ease of machining 

• Compatibility with switch housing material 

• Ability to form hermetic seal. 

A material of high relative permeability and low magnetic re ten** 
tivity is most desirable. This %iould insure the greatest change 
in flux for a given magnet. Two Boater ials appear best suited to 
this reqxiir^oent. 

1. Cold rolled armco Magnetic input iron. 

2. Cold rolled electro-magnetic iron. 

When properly heat treated these materials are easily machined 
and can be soldered or brazed in the normal fashion. 

One other consideration must be made if alternating flux is to 
be used. Core losses must be kept to a minimum which will require 
either a laminated core or a ferrite core. Both of these cores 
%«ould be difficult to hermetically seal and will complicate the 
machining and manufacture of the transducer unit. 

Transducer Evaluation 


In the following section each of the sensor and sources are 
evaluated^ therebyr allowing the best possible combination to be 
determined. A summary at the end of this section compares all 
the combinations. 

Coil Source With Coil Sensor 

This approach is not acceptable because of the inability of the 
coil sensor to detect a steady state flux. A memory device of 
some type would be required to hold the switch in either the on 
or off state after a change in the flux level. Such a transducer 
would be further complicated by the circuitry required to guaran- 
tee proper start up. When power is first applied to the switch, 
circuitry must be provided to set the memory in either the on or 
off position -^eurnding on the position of the moveable core 
section. 
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Another disadvantage this nethod xs the coil source which 
dissipates electrical power to provide a steady state flux. 
Permanent magnets use no po%ier to accoiq>lish the saune thing. 

Coil Source With Hall effect Sensor 

A transducer of this type is feasible. It has two major dis- 
advantages which make it less acceptable than other methods to 
be described. 

1. Power must be supplied to both the coil and the Hall 
effect device for proper operation. This current %#ould 
be on the order of 30 ma idiich is much higher than other 
types of transducers. 

2. The Hall effect device puts out a low voltage (40 - 400 
mv) when magnetic flxir passes through it. This voltage 
level would have to be amplified in order to drive logic 
The addition of an amplifier %rould consume store power 
and space in the final design and is therefore not de- 
sirable . 

Coil Source With Magneto Resistor Sensor 

A transducer of this type offers many advantages. The magneto 
resistor requires no control current as does the Hall effect 
device so the total po%ier consuBoption will be smaller than the 
Hall effect. With a flux change of 10 kilogauss the magneto 
resister changes its resistance by a factor of 7 from its 0 
kilogauss level. This change is enough to actuate logic without 
amplification. At %#orst a single transistor will interface be- 
tween the transducer and the logic section. 

The only drawback to this combination is the coil source which 
will draw current to generate the flux. 

Permanent Magnet With Coil Pick Up 

This method is unacceptable for reasons mentioned under coil 
source coil pick up. 

Permanent Magnet With Hall Effect Device 

This arrang^ent has the same dra%ibacks as the one using Hall 
effect with coil source. The only advantage is the fact that no 
current %^uld be required to generate the flux. 
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The complete transducer circuit is indicated as follows: 



OUrPUT 


Permanent Magnet With Magneto Resistor 

This combination xs acceptable because the flux is generated 
without the use of power and the Magneto resistor requires few 
additional components and uses little power. 

The complete transducer is as follows; 




OUTPUT 
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Permanent Magnet With Micro-Switch Sensor (Hall Effect/Amplifier/ 
Trigger) 

Because this device is very sensitive and comes packaged with a 
trigger and amplifier on the same chip it appears to be by far 
the most advaintageous tr2msducer. It is sensitive enough that 
no pole pieces would have to pass through the hermetic seal 
barrier. This would greatly simplify the sealing process. 
Furthenoorer the device comes in a small package allowing the 
overall switch size to remain small. 

The complete circuit is sho%m below: 


Vcc 



Coil Source With Coil Sensor (ac) 


A trcuisducer operating with these con^nents %rould require the 
following circuitry: 
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The variable inductive coupling between the output and the input 
controls the feedback to the oscillator. Thus, by changing the 
feedback, the oscillator can be driven out of oscillation. 3y 
rectifying the output and using this signal to control the logic 
section, switch operation can be made. 

The following problems ccxnplicate this approach to the transducer 
problem. 


1. The oscillation inherent in this tvpe of switch will be 
difficult to shield from the outside world. Use of 
large RF filters would be difficult due to the small 
package size required • 

2. The difficulty in hermetically sealing a low loss AC 
type core (laminated or ferrite) would necessitate use 
of a DC type core. This would force the oscillator to 
work at a higher power level to offset core losses. 

3. Part count for this type of transducer would be high 
making a small package size difficult. 

Coil Source With Hall Effect Sensor (ac) 

This type of transducer would have all the drawbacks mentioned 
under coil source and coil sensor plus the following: 

The Hall effect device must be placed in the path of magnetic 
flux requiring a gap in the core of the oscillator decreasing 
the coupling. The output from a Hall effect device would be a 
very small voltage (40 - 10 mv) . 

The Hall effect devxce requires a control current for operation 
which is an added power requirement not necessary with a coil 
pick up. This type of transducer is not acceptable because of 
the poor AC flux characteristics of the Hall effect device. A 
co'l pickup is far superior in every respect for this application. 

Coil Source With Magneto Resistor Pick Up 

This transducer is unacceptable for the same reasons mentioned 
under coil source Hall effect device pick up. 

Conclusions 


Of all the magnetic transducers discussed in this section, tne 
most acceptable is the Honeywell magnetic switch used in combina- 
tion with a permanent magnet. It is the best selection for the 
following reasons. 
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• Low power 

• Smallest size of any magnetic t»"ai s'^ucer 

• Lowest component count. 

LIGHT TRANSDUCERS 

Transducers of this type will direct a beam of light from light 
source through a shutter arrangement to a light sensor. Both 
light sensor and source will be contained inside a hermetic seal. 
The shutter arrangement will be external to the hermetic seal. 

By either allowing the light beam to strikr the sensor or inter-- 
r up ting the light beam with the shutter, sv .tch control of the 
light sensor can be obtained. 



light light 

SENSOR SOURCE 


HERMETIC 

SEAL 


The shutter type of transducer \.ould require that the hermetic 
seal wr' > around the movable shutter. This means a transparent 
hermetic seal would have to be made at each side of the shutter. 
To avoid this complicated seal, an alternate configuration with 
a reflective surface can be used. In this method light is 
directed through a transparent hermetic seal towards a reflective 
surface. Upon striking the surface the light beam is directed 
back toward the light sensor through rhe same transparent seal 
through which it originally passed. Ir this way only one 
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transparent seal is required and Loth source and sensor can be 
placed in the sane place. Svitching is obtained by either re- 
flecting or not reflecting the light beaN back to the sensor, 
moving parts are required within the hermetic seal. 


UGHT 

SOURCE 


LIGHT 

SENSOR 


Light Sources 

A beam of light can be obtained from the following sources: 

• Incandescent lamp 

• Light emitting diode 

• Electro luminescent lamp 

The following characteristics would be desirable in a light source 

• Small size 

• High brightness 

• Low power 

• Long life 
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It %«ould also be desirable to have the light esainate frcn a 
single point source • Rs the light must be gathered into a beam 
to pass to the detector a single point source would sii^lify this 
reqair^Bent* 

e Incandescent lamps - A light source of this type satisfies 
the size and brightness requirements with no difficulty. 
Light intensities as high as 2^400 foot LAMBERTS can be 
obtained in package sizes as small as Figure 5. The 
drawbacks of this source are its po%rer consultation and 
its liodted life. There would be no way to conveniently 
replace the lamp because of the hermetic seal. This 
factor alone makes use of incandescent lamps. PROHIBITIVE. 

• Light emitting diode - Light fitting diodes satisfy 
most of the r^uirments. They are small, have a very 
long life time, moderate power consumption with moderate 
brightness. A further advantage of the LED source is 
its narrow frequency band of light output. 

Many types of photo diodes and photo transistors are optimized 
for use at a single f re .uency. *niis means that the proper com* 
bination of LED and photo diode will make more efficient use of 
the light than a combination of photo transistor and any other light 
source. 

LED*s come in a variety of package sizes. The device pictured 
in Figure 6 would be most suited to the requirements of this 
application. This device was designed to be used with a particu- 
lar photo transistor in high speed card and tape readers. The 
characteristics of this device are listed in Table II. 

• El ectro-Lyninescent Lamps - This type of lamp would not 
be suitable for^ this appl icat ion . Electro- luminescent 
lamps have very low brightness i2C fL) and are better 
suited to surface illumination. 

Light Sensors 

Light .ct^ng diodes are the best choice for light sources so 
only sensors which incerface with LED's will be considered. The 
following devices are specifically designed to interface with LED's. 

• Photo - Diodes 

m Photo - transistors 
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TABLE II. LI€BT ENITTIW> CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Tj^ « 25*C unless otherwise noted) 


Ct • .racter istic 

Fig. No. 

Syabol 

Min 

Typ 

Max 

una.t 

Revert. Leakage Current 
(Vg - 3.0 V,%, = 1.0 
M'gt nm) 

— 

^R 

— 

50 

— 

nA 

Reverse:. Breakdown 
’/oLti.g»» 

= 100 UA) 

- 

BVr 

3.0 


- 

Volts 

lUrwur Voltage 
(Ip 50 nA) 

2 


- 

1.2 

1.5 

volts 

, Cotal .Capacitance 
1 (Vr - 0 V, f = 

1 1.0 VYRz) 


S 


150 


pF 


OPTICAL CHARACTERISTICS (T^ = 25*C unless otherwise noted) 


CharacteristJLc 

Pig. Mo. 

Syiriwl 

Nin 

Typ 

Max 

Unit 

Tot il Power Output 
(No-.e 1) 

{^p = 50 nA) 

3.4 


50 

150 


uw 

Radi.aat Intensity 
(Mo e 2 ) 

(^p = 50 nA) 



- 

0.6C 

— 

■H/ 

stera- 

dian 

Peak Et iission 
Wavtilength 

1 

IP 

* 

9000 

- 

O 

A 

Spectral Line Half 
Width 

1 

&x 

- 

400 

- 

• 

A 


The characteristics desirable for this application are: 


e Saall si e 

e Cumpa^'ble wit.i LED light sources 
« Hiqn light sensitivity 
e jOw power consumption 
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* Photo Diodes - Photo diodes are P on N or H on P silicon 
function devices that generate a photo current in 
response to a beast of li>^ht focused on the sensitive 
junction. 

Being cos^sed of silicon, these devices are saall, rugged and 
reliable. The photO'>diode is the basic photo sensitive device 
in all of the phcto transistor varieties, so in one foksi or 
eumther it will be used in any kind of light transduce The 
current voltage curves for a Qrpical photo diode are snown below. 


» An -•« -07 


tSTOUAOMMiT f II i 

[foumiiomas yfll 

1 votTACk .Oirv 

s 







3HOOUAOMMBT 
IHCVCKSC tiASOrt MArOM 

1 OOO H>Or CAllOtFS _ 


1 1 

^^dTHQUACMIANr 

'^tyiieiASCO^ilATiM 




The voltage and current Icsvels are sufficient to drive the logic 
section without further asplification. However, if a photo 
transistor were used, lower light intensities would be able to 
drive the saise logic section. This would aean lower power con- 
susption in the LED. 

e Photo-transistors - The photo-transistor uses a photo 
diode to generate base current for a noraal transistor. 
This, in effect, asplifies the current sensitivity of 
the device by the of the transistor. There is no 
. difference in package sisf» between the photo diode and 
i>)«jto transistor, both can be obtaincMl in packages as 
«>«tall as Figure 6. 

Photo PETS take advantage of the photo voltaic effect of photo 
diodes. This is the change in output voltage as a function of 
light intensi^ of am open circuited photo diode. The increase 
of current gain available using a photo FET is of the sane order 
of magnitude as that of a photo-tramsistor. 
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Conf iqura tions - The siaplest ccmfiguration of a light transducer 
tiould look as follows: 


LEO 




In this configuration the light from the LED provides base 
current for the photo transistor turning it on. The shutter can 
be placed in the path of the light beam turning off the transistor. 

The 1>ED must be provided with from 20 to SO ma of current depend- 
ing on the distance between the diode and the transistor* the 
load RL on the transistor* and any attenuating devices between 
the diode and the transistor (glass, light pipes, etc.). 

The configuration of the reflective type transducer %iould be 
identical to that pictured above except for the shutter «diich 
would become a mirrored surface. 

Conclusions 

Of the light type transducers the light emitting diode in con- 
junction with the photo-transducer xs the only method which will 
adequately meet the requiroaents of this application. 
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Table III below lists the characteristics of this type of 
transducer. 


TABLE III. LIGHT TRANSDtXTER CHARACTERISTICS 


POWER 

.ISO WATTS 

COMPOliEHT 

3 

COOKT 


CROSS 

MOHS 

TALK 


EXCITATIOH 

DC-S-IOV 

HERMETIC 

PROBLEM AREA 

SEAL 

GLASS TO METAL 


SEAL 


REV. 
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CAPACITANCE TRANSDUCERS 

A transducer of this type would operate by sensing the change of 
a capacitor and operating a trigger circuit from this change. 
Because all electrical components must be contained inside a 
hermetic seal the only portion of a capacitor wnich could be used 
to change the capacitance would be the dielectric. The plates of 
the capacitor being current carrying devices must lie within the 
hermetic seal and are therefore inaccessable for mechanical 
ch^ulge. 

This factor makes it very difficult to ia^lement this type of 
transducer. Both plates mist be sealed behind at least .050 
thick sheets of glass while the dielectric contained within the 
environmentally sealed section is moved in or out of the plate 
gap. 

A further complicating factor is the dielectric itself. It 
would be desirable to have the capacitor make a very large change 
in capacitance. This would mean using a material with a high 
dielectric constant. Host materials with this characteristic 
are unacceptable for use in a space cabin environment. 

A variable capacitance transducer is L>»refore unacceptable for 
use in :his application. 

CIRCOITHY 

SINGLE ACTION SWITCH 

The basic circuitry of the switch consists of a magnet and Hall 
effect transducer, amplifier and output solid state relay switch 
as shown in schanatic SW201 (Appendix I) . The Hall effect de- 
vice is an integrated hybrid chip containing the Hall effect 
pick off, an amplifier auid a Schmitt trigger. The output of the 
Schmitt trigger drives a transistor amplifier which supplies 
current to the coil of the solid state relay switch. The output 
of the solid state relay directly supplies the load. The solid 
state relay coil is in series with the transistor driver and a 
light emitting diode. The light emitting diode provides an in- 
dication that the switch is in the ON condition and that approx- 
imately 80 percent of the circuitry is operating normally. The 
only difference between the single pole and double pole switch 
is the addition of a solid state relay, the coil of which is in 
series with the original solid state relay coil, and an increased 
supply voltage to provide additional drive power. 
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TEN POSITION ROTARY SWITCH 

circuitry of the ten position rotary switch is shown in 
Schematic ROOOi (Appendix I) . Four LED - photo transistor trans- 
ducers provide the initial 3CD triggering to obtain 10 discrete 
switch position outputs. The output of the phototransistors pro- 
vides triggers to exclusive or gates tdiich inserts the proper 
logic format into a BCD to one of ten decoders. The output of 
the decoder supplies through transistor amplifiers the current 
to drive the appropriate coil of solid state relay matrix. The 
output of the solid state relay directly supplies the load. 

POTENTIOMETER 

The input to the potentiometer consists of 7 LED - phototran- 
sistor transducers providing a resolution of 128 bits. The out- 
put of the phototransistors provides logic states to exclusive 
or gates, the outputs of idiich supply the necessary binary data 
to the digital to analog decoder. The decoder utilizes a ladder 
network with an operational amplifier output. The output is a 
0 to 10 volt analog voltage capable of supplying a 1000 ohm or 
greater load. A visible LED on both the rotary switch and po- 
tentiometer indicate that all internal LEDi are energized. 

OUTPOT SWITCH CIRCUITRY 

The output characteristics of the switches eure tabulated in 
Table IV. Physically all chips are the same size so that any 
possible combination of switch outputs is available. An in^r- 
tant consideration with all types of switches is that the input 
to output isolation impedeuice is in excess of 10" ohms. 

SWITCH CONFIGURATION 

The following types of mechanical packages must be produced to 


comply 

with the contract* 

• 

Toggle switch 

(maintained! 

• 

Toggle switch 

(momentary) 

• 

Push button 


• 

Potentiometer 


• 

Rotary switch 
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TABLE IV. SWITCH CHAKACTERISTICS 


SWITCH 

100 MA 

140V 

28V 

40C MA 

TYPE 

DC 

AC 

AC 

DC 

LOAD 

VOLTAGE 

+50V MAX 
PEAK 

140 VAC 
IMS 

280 VAC 
RMS 

60 VDC 


INPUT (CONTROL) SPECIFICATIONS 


CONTROL 
VOLTAGE RANGE 

3.8-10 

VDC 

3.8-10 

VDC 

3.8-10 

VDC 

3.8-10 

VDC 

MAX INPUT 
CURRENT 0 5V 

22 MA DC 

15 MA DC 

15 MA DC 

15 MA DC 

TURN OFF 
VOLTAGE (MAX) 

0.4 VDC 

0.8 VDC 

0.8 VDC 

0.4 VDC 

DIELECTRIC 

STRENGTH 

INPUT TO OUTPUT 

1000 VAC 
(PP) 

2500 VAC 
(RMS) 

2500 VAC 
(RMS) 

1500 VAC 
(PP) 

ISOLATION 
INPUT TO OUTPUT 

10“ ft MIN 

10“ a MIN 

10“ ft MIN 

10* ft MIN 


OUTPUT (LOAD) SPECIFICATIONS 


OUTPUT CURRENT 
RATING 

■1-100 MA 
PEAK 

1.0 AMP 

1.0 AMP 

400 MA 

OUTPUT 

VOLTAGE 

+50 MAX 
PEAK 

140 VAC 
RMS 

280 VAC 
RMS 

60 VDC 

OFFSET 

VOLTAGE 

■••5.0 MV 
MAX 

— 


— 

CONTACT "ON" 
RESISTANCE (OHMS 

)5.0 MAX 




CONTACT "OFF- 
RESISTANCE (OHMS 

1)10 MIN 

2 X 10* 
MIN 

2 X 10* 
MIN 

7 

10 

MIN 

MAX DRIVE 
FREQUENCY (Hz) 

lOOK 

500 

500 

30K 

MAX SURGE 
RATING 

0.1 JOULE 

10 AMP 

10 AMP 

— 

CONTACT VOLTAGE 
DROP AT RATED 
CURRENT (MAX) 

. .1 

250 MV 

1 

1.5V RMS 

1.5V RMS 
1 

1.5 VDC 
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Each type must have the electronics hermetically sealed. The 
packages for each type therefore have two sections, a hermeti- 
cally sealed section and an environmentally sealed section. The 
hermetically sealed section contains the drive electronics. The 
mechanical actuation is contained in the environmentally sealed 
section. 

There are two basi^ ^ypes of package. One contains all the 
single action switch configuration and the other houses the ro- 
tary switch and potentiometer. 

SINGLE ACTION SWITCH 

The single action switch is packaged in a rectangular case of the 
same approximate dimensions as the present hermetically sealed 
single pole double throw medhanical switch made by Texas Instru- 
ments for the LEM and Apollo missions. 

Of all approaches tried. Hall effect devices and magneto resis- 
tors were the most acceptable. The Hall effect device, because 
of the higher sensitivity of the Micro-switch device, results in 
no pole pieces extending through the hermetic seal and, therefore, 
is the optimum selection. 

Figure 7 depicts the layout of the single action switch using 
this Hall effect device. 

POTLi^IOMETER AND ROTARY SWITCH 

A potentiometer with a resolution of 3.6 degrees is provided. 

The potentiometer is not a variable resistor but a variable volt- 
age supply which should serve all the functions normally per- 
formed by a potentiometer. Rotation of the pot shaft varys the 
digital input to a D to A converter (DAC) producing a variable 
voltage. The pc#t is, in effect, a 7 bit encoder connected to a 
DAC. 

The encoder portion of the potentiometer is a mirrored disk out- 
side of the hermetic seal. Inside the hermetic seal a series of 
photo diodes and light emitting diodes operating through a 
transparent seal senses the position of the mirrored disk. This 
digital information is connected to a DAC to provide the output. 

The rotary switch is of the same configuration as the potentio- 
meter. An encoder disk is mirrored into 10 sections. A series 
of photo diodes and light emitting diodes senses the position of 
the encoder disk and operates 10 individual switches. Any of the 
switch outputs shown in Table IV can be provided in the rotary 
switch. 
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FIGURE 7. SOLID STATE TOGGLE SWITCH OUTLINE DRAWING 

(Sheet 1 of 2) 
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FIGURE 7. SOLID STATE TOGGLE SWITCH OUTLINE DRAWING 

(Sheet 2 of 2) 
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The potentiometer and rotary s%fitch are both packaged in a cylin- 
drical housing approximately 2.5 inches in diameter and l.S inches 
in depth • Figure 8 depicts the layout for the solid state pet 
and rotary switch. A glass seal separates the herF<etic section 
trom the encoder wheel. The encoder wheel is env^ironaentally 
sealed at the shaft with an 0- ring. Light from the LEDs passes 
through the glass sealr is reflected by the silvered encoder disk 
and after again passing through the glass seal turns on the photo- 
transistor. Seven LED phototransistors are arranged to align 
with a Gray code disc providing seven bits of non-redundant binary 
information. This infonaation is converted into a variable volt- 
age in the D to A section located on the two PC hoards in the 
sealed area. 

HERMETIC SEAL 

A sample of each package style is jermetically sealed. The her- 
metically sealed portions of these packages constructed as gas 
tight enclosures completely sealed by fusion of glass to metal 
or bonding of metal to metal. Special sai^hire glass discs al- 
ready herrotically sealed to a metal ring are brazed into the 
brass casing to provide the chamber hermetic seal. After the 
electronics are inserted into the chamber and leads attached to 
the soldered glass/met 9 1 interconnect the back cover is soldered 
into place. Prior to sealing, the enclosure is cleaned and 
dried. The enclosure is purged of all air and backfilled with 
one atmosphere of gas consisting of 95 percent nitrogen/5 percent 
helium. A primary consideration in the selection of enclosure 
materials is the ease of w<^lding, brazing rr soldering the bond- 
ing methods typically employed for metal to metal hemetic seals. 
Final muter'al selection provides for brass casings for ease of 
brazing ano soldering. 

Environmental Seals 


Envi roniPental sealing is accomplished primarily by gasketing. 
Silicone 0-rings and gaskets are utilized at closure points to 
prevent dirt or laoisture infiltration and other contaminants. 

PANEL CONFIGURATION 

The sold state switch panel contains the following types and 
quantities of switches. 

Toggle maintained SPST 5 

Toggle maintained DPST 5 


2-29 






2 - 30 ' 




£.760 MMl 







THE SMOCR COMPANY 
KCARPOTTDIVIStOM 


Y2S6A226 


MEV. 


Toggle ■oaentaxy 
Toggle ■ oo en tary 
Pushbutton 
Pushbutton 
Rotary 

Potentioaeter 


SPST 5 

OPST 5 

SPST 3 

DPST 2 


10 position 2 
2 


Th<'se switches are Mounted on a 19-inch wide rack. Two of these 
switches, control high powered 10 anp switdies Mounts dirWtly 
on the test_paiiel. Tte. tekt panel also contains the rated loads 
for all tte switdies 'and po^^tioseters and provides an indica- 
tion as to 8mtcfies~axB.beil^~opei»ted. The sw itches are 

grouped relative to contact rating and id^tifi^ 2 bccordingly on 
the test panel. 

SUMMART 

For the small nunber of switches produced* several techniques 
were utilized irtiich would not necessarily renain in the pro- 
duction unit. The sane housing was used for both pushbutton and 
toggle switches «diich necessitated the use of an add-on toggle 
assenbly. In proAiction units* the toggle assod>ly tiould become 
an integral part of the switch body thereby enhancing the usual 
outline of the toggle switch. 

In production quantities* all switch and rotary components would 
be hybridized to miniaturize the electronics. This would 
diminish the package size and simplify hermetic sealing. 

POWER CONSCMPTKW 

Excluding the switch contact ratings* the following power is 
required in the quiescent (non-operating) state and the operating 
node for each type of switch. 
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Voltage 

Power Quiescent 

Power Operating 

Switfdi 

(volts) 

(w) 

(aw) 

Pushbutton/toggle SPST 

5 S 12 

23 

320 mm 

Pushbutton/toggle DPST 

5 & 28 

20 

720 anr 

10 Position Rotary 

5 « 12 

500 mm 

500 r w 

Potanx-iaaetjer 

5 & dl2 

4FP m 

450 mw 


total 

panel power quiescent 2.1 rruts 


Operating i«.: uatts 


PSHEL OPEHATIOH 
PONER APPLICATION 

Place all switches in the off (doim) position. Apply the power 
to the proper pins on the ii^ot jack pancQ. located at the 
bottoB of the switch panel. The positive side of the -12 volt 
input connctcts to the b^cl^ input jack and the negative connects 
to the red jack. The 28^'power supply shall be capable of 
suppling 25 alps in order to test the power stiitckes. 

The AC ‘'oltages (120 VAC, 240 VAC) are only used to provide con- 
tact voxtage ratings on the 5 pushbutton AC switches. The AC 
need not be connected for prcper chctck out of all DC switches j 
and rotary cooponents. I 

OPERATION 

The switch labeled^gg^J^ controls power to the entire panel. 

Po%»er is connected to this swxtch whenever power is present on ^ 
the jack panel, when it is switched to the ON position, power 
is applied to all other switches. 

With power connected to the panel and the panel switch on, all 
switches will operate. S«ritching any toggle nonentary or anain- 
tained to the ON (up) position or operating any pushbutton will 
cause the appropriate load light to illuninate. For the two 
power switches there are no load lights. Closure indication for 
these switches is given by two current meters located at the 
top of the panels. 
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The rotary device^ are also actuated by the panel switdi. The 
outputs of the potentioaeters are indicated by two volt aeters 
located at the top of the panel. The rotary swit^es are 
connected to decimal displays lAidi indicate the position of 
the switdk. 

LOAD COHMECTOR PIM OUT. 

PIN LOAD PU 1X)M> 


1 SIO 

2 S9 

3 S8 

4 S7 

5 S6 

6 S5 

7 S4 

8 S3 

9 S2 

10 SI 

11 S22 

12 S21 

13 S20 

14 S19 

15 S18 

16 S17 

17 S16 

18 S15 

19 S23 

20 S22 

21 S21 

22 S20 

23 S19 

24 POTENTIOMETER f 1 

25 POTENTIOMETER » 2 


26 

ROTARY 

SWITCH 

1 

PCSITKm 

1 

27 

ROTARY 

SWITCH 

1 

POSITION 

2 

28 

ROTARY 

SWITCH 

1 

POSITION 

3 

29 

ROTARY 

SNITCH 

1 

POSITION 

4 

30 

ROTARY 

SWITCH 

1 

POSITION 

5 

31 

ROTARY 

SWITCH 

1 

POSITION 

6 

32 

ROTARY 

SWITCH 

1 

POSITION 

7 


33 

34 


35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 PONER SWITCH 2 S14 

51 POWER SWITCH 1 S13 

52 BOTART SNITCH 2 

53 

54 

55 

56 

57 

58 

59 

60 
61 

62 ROTARY SWITCH 1 POSITION 

63 ROTARY SWITCH 1 POSITION 

64 ROTARY SWITCH 1 POSITIC»< 
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FUNCTICHIAL TESTS 

All switches were tested at standard aabient conditions to in- 
sure proper operation at rated voltage and 10 percent under and 
over voltages. Power at nonoperating (quiesent) and operation 
conditions were ateasured for the entire panel with the following 
results: 

Panel Quiesent Power 2.4 ^ 

Panel Operating Power 14.7 Watts 

The panel c^tcurated satisfactorily idien suhadtted to the various 
functional tests. 

ENVIRONMENTAL TESTS 


One type of each switch: toggle, pushbutton, rotary and poten- 

tioneter were submitted to the following environmentel tests. 

TEMPERATURE 

2 Hour Soak at 0*C 

Functionally tested 

2-Hour Soak at 70*C 

Functionally tested 

RESULTS 

SPST, DPST, and Rotary Switch operated satisfactorily. 
Potentiometer intermittent at high temperature as a result 
of low current through LED*s. Increasing current through 
LED's provides stability over temperature range, however, 
higher power dissipation results. 

RANDOM VIBRATION 


Procedure 


A random vibration equal to the total G level utilized on 
the LEM and Sky lab was impressed on the switches. Period of 
application is 2 iiJLnutes. 

1150-2000 Hz 20-2000 Hz .02 ^^/Hz 


1 2112 
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Switches Tested 
Pushbutton 
Toggle 

Rotary Switch 


RESULTS 


All switches functioned chroughout the random vibration. 
The pushbutton normally open resained in the normally open 
state, the toggle maintained in a closed switch position 
remained in that state without interruption and the rotary 
switch set at position 5 reiaained closed in that position 
with all othor positions normally open. The graphs on the 
following pages visually depict the vibration levels 
applied -during the test. 

EMI TESTS 


EMI tests trere conducted on the double pole, single pole and the 
potentiometer in accordance with HIL-STD-461. The tests per- 
formed were CEOl, CE03 and CS06. CEOl eusd CE03 were preformed 
on every lead of the device under test. CS06 was preformed on 
all power leads with the spike equal to 50% of the nominal line 
voltage. 

RESULTS 


The results of the CEOl & CEOl tests are contained in the 
attached data. Emissions for all devices were within the 
max specification limit. All devices operated successfully 
during the CS0€ tests. 
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RELIABILITY 

A reliability prediction wm preforaied to establish the failure 
rate of each of the solid state switch devices. This data is 
suasarized on tiie attadied conputer data sheets. Also included 
in this section is a reliability failure node and effects anal- 
ysis. niis analysis was aade on the 10 position rotary, poten- 
tioaeter, and the double pole switch. 
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ABSTRACT 


Tlw rtport Is coaprlisd of the rotlonale, analysis, design, bread* 
boarding and testing of the In crimt al functional regulremnts that led 
to tbe develognnt of pro to t y pe laadSAapOCandlAKpAC Solid State 
fouer Centrollors (SSK*s). The SSPC's are to be considered for use as 
a rtplir— nf of electro ictiinlcal releys end circuit breakers In future 
spacecraft end otrcreft. TMiy satisfy ^ conblned function of both the 
relay end circuit b r ea k e r and can be naotely controlled by small signals 
typically 10 «A» S to 28 vOC. 

They have the advantage ever conventional relay/circuit breaker sys* 
tans In ttMt they can be located near the utilization equipment and the 
prlnary AC or DC bos. The low level control, trip Indication and status 
signalc can be circuited by snail gauge wire for control, computer inter- 
face, logic, electrical nultiplexing, unboard testing, and power manage- 
ment and distribution purposes. This results In Increased system versa- 
tility at appreciable weight saving and Increased reliability. Conven- 
tional systems require tiM heavy gauge load wiring and the control wiring 
to be routed from the bus to the load to other remote relay contacts, 
switches, sensors, etc. and to the circuit breaker located In the flight 
engineer's compartment for purposes of manual reset. Solid state switch- 
ing reduces the conducted EMI substantially. The S5PC Is Intended to pro 
tect Itself, the load, and the systems wiring against overload, short- 
circuit and voltage transients. 





FolloMing analysis, design and brea<tt>oard testing, 1 and 5 Amp DC 
and 1 Amp AC prototype Solid State Power Controllers were produced and 
delivered to NASA nWNED SPACECRMT CENTCRAiouston. The specifications 
of the Statement of Work were satisfied with a few exceptions. These 
exceptions were due to conpromises in arriving at optimum design with re- 
. spect to weight, size, reliability and cost. ?1any options In design were 
evident and are discussed. 

Due / the small quantity of units contracted and problems of high 
density packaging of discrete components, some optional features of the 
SSPC's were not Included In the delivered articles, particularly "status 
Indication*. Circuits for this feature were analyzed, breadboarded and 
tested. Production requirements would utilize hybrid microelectronic 
manufacturing techniques, and the Inclusion of many optional functions can 
be realized. 

In addition to meeting functional requirements, the design objective 
was simplicity for reasons of reliability, weight, size and cost. The de- 
sign leading to the prototype units met this requirement. Relaxation of 
some specification parameters without sacrifice to overall performance 
could lead to further optimization of design and are discussed. 
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cowaiisiONs 


Solid State Power Controllers can be made in the envelope proposed* 
satisfy the functions and meet the environmental conditions. This makes 
possible a fully automatic electrical control system with built-in safety 
factors to protect the SSPC. the load and wiring against overload, short- 
circuit and voltage transients. 


RECOWODhTlONS 


Since the efforts of the study and the production and testing of func- 
ticnat SSPC's proves the concept, final specifications for production 
flight SSPC’s should be generated. Efforts should be made between NASA, 
cognizant military services, aircraft manufacturers and potential suppliers 
to arrive at a mutual agreaaent concerning basic packaging, functional re- 
quirements, control voltage levels, trip Indication, status Indication, etc. 
To meet functional requirements In optimum packaging, hybrid microelectronic 
manufacturing techniques will be required. Poor economics as well as relia- 
bility exist In relatively small quantity of hybrid microelectronic produc- 
tion. Standardization of basics would encourage more multiple and univer- 
sal usage with resulting improvements in economics and reliability. Econ- 
omy. rather than design or production, appears to be the only obstacle to 
widespread practical usage of SSPC's. An advanced s^tem utilizing SSrC's 
muld be cost-com^titlve with conventional systems If reasonable produc- 
tion could be anticipated. 

Although the contract requested study and development In the 1 Amp to 
5 Amp range, higher current SSPC's are being considered. For the high DC 
current range, 10 Amp to 50 Amp, the availability of transistor chips with 
good secondary break-down characteristics are limited and only available at 
considerable cost. Encouragement to the semi-conductor industry to produce 
an acceptable chip at reasonable cost is highly reconmended. 

Industry has recently reported on some SSPC failures in switching into 
transf^ cr loads where core saturation can occur. Teledyne has not exper- 
ienced this failure mode. Since reported failures have been catastrophic 
in nature, further study of the problem is suggested and resulting specifi- 
cations derived to protect against this possible failure mode. 
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It was suggested that a stu<|jf be nade of DC and AC Solid State Power 
Controllers (SSPC’s) with respect to each of the functional requirenents 
such as control voltage* trip indication* status indication* and isolation. 
Telei^e Relays was to analyze optional circuitry for eadi function and to 
weigh the results with respect to size* cost* weight and reliability. 
OptivMR packaging was to be a wain consideration. The final objective was 
to fabricate and test prototype units incorp *‘1ng the analysis and bread- 
board testing results. Although the guiding s cification was niL-P>81653* 
’’General Specifications for Power Controller* Solid State"* deviations were 
allowed to optioize the design. The basic functions and switching charac- 
teristics were to be satisfied in principal. The following functions and 
points of design analysis were considered for both the DC and AC SSPC's. 


DC SOLID STATE POWER CONTROLLERS 
Power Output Tenainatlon 
Power Chip Selection 
Power Dissipation 
Isolation 

Current Llwitlng and Short-Circuit Protection 

Control Voltage Selection 

Trip Indication 

Status Indication 

Reset 

Transient Voltage Protection 
Fusing 

Foul-up Protection 
Circuit Schematic 
Packaging 
Reliability 
Specifications 
Test Results 
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AC SOLID STATE POiER CONTROLLERS 
Zero Axis Switching 
Power Output Teratnetlon 
Power Chip Selection 
Power Dissipation 
Isolation 

Short-Circuit Protection 
Control Voltage Selection 
Trip Indication 
Status Indication 
Uavefoni Distortion 
Reset 

Transient Voltage Protection 
Fusing 

Fou1-i 4> Protection 
Circuit Schenatic 
Packaging 
Rell^nity 
Speclflcatlomi 
Test Results 


In anal^lt and design, the axion was Uken that tellabITIty ms In- 
versely propi^lonal and cost-. Might- and s1ie-proporticr.al to total com- 
ponent count of the circuit. B^hasls ms on sinpllclty. 
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DC SOLID STATE POMER CONTROUERS 


PWED OUTPUT TERMINATION 

MIL-P-81653 solid stttx' poMor controller specification requires the 
fui .tional circuitry illustrated In Fig. 1, requiring three teralnals In 
:*ie output section. The ground teralnal Is us<^ for establishing an in- 
ternal powe r supply for switching and status function. This current ar- 
ratrjeaent has distinct disadvantages In that the base current necessary to 
drive the p o wer switching transistor wst be established for the ■Inlaua 
Ipad voltage, resulting In excessive power dissipation at aaxlMai load vol- 
tagif *. Circuitry for the Isolation and control fimctlon requires a rela- 
tivY ly high c owponent count. Hie principle objective of the study was to 
red :e the coaponent coimt for reasons of size, weight, cost and reliability. 
Traitsforaer coupling Is required to obtain ^ necessary base drive to 
saturate the power transistor. Introducing (xrobable I^I elenents unless 
elaborate filtering Is eaploy^. 

A 2-tera1na1 design was Investigated and the functional circuitry Is 
Illustrated In Fig. 2. This arrangeaent has the advantage that no power 
Is taken froa the load supply for the switching function. The base drive 
Is Independent of the load voltage, resulting In the controller having unl- 
‘ora switching capabilities froa .5 volts to 30 volts. The 2-tera1na1 de- 
sign allows for location of the power switching transistor on el^r the 
supply or ground side of the load voltage. In the case of the 3-tera1na1 
< esign, the load Is dedicated to the ground side. The disadvantage Is 
ihat the p ow er for the base drive of the switching function aust be derived 
1 rtm the control signal. The current required for low control voltages Is 
appreciably aor* than that required for the 3-tera1na1 controller. With 
a 28 volt COP* of voltage current, drain Is not excessive For 1 and 5 Rap 
controllers. For higher ratings, control current requirenents aay be ex- 
cessive. RFI probicas will also exist for the 2-term1na1 controller, as 
transforaer coupling is required for Isolation. The Induced power of the 
RFI eleaent Is considerably less for the 2-tera1na1 controller. Sta^s 
Ipdiratlon r*qu1reaent is aore complex for the 2-tera1nal controller with- 
out the ground reference. It can be accoapllshed by sensing current In 
the *ioid line versus sensing voltage at the load In the 3-tera1nal con- 
troll«r. 

An alternate 3-tera1nal design was Investigated, as shown In Fig. 3. 

For 1 Anp 'it .ds a PNP transistor may be used for Ql, with Q2 omitted. For 
higher cu. .ents, PNP transistors are not readily available with sufficient 
Beta f r efficient drive. The MPH power transistor, driven by a PNP tran- 
slsti , allows for efficient switching. The only disadvantage Is the 1n- 
cr...ised voltage drop across the combined switching transistors. Fig. 4 
lows lead current vs voltage drop. It might appear that the larger vol- 
tage crop would riuse considerably more power dissipation resulting In a 
less efficient power distribution system. However, calculations taking 
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FIG. 2 TELEDYNE 2 TERMINAL CON'I'ROLLER 
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Into consideration the Internal poMer re<Hi1rements for drive as well as 
the power dissipation of the power switching transistor, indicate that 
this 3-termina1 arrangement is more efficient for loads up to 7.5 Amps. 

Above 7.5 Amps, ~ HTL-P-81653 controller is more efficient. It has been 
estimated that from 76X to 90S of controllers on actual aircraft systems 
(A-7, F-14, SST, etc.) are for loads of 7.5 Amps or less. There may be 
loads which suffer in performance due to the slightly reduced output vol- 
tage. Trade-off studies are required to isolate the areas, /hiother major 
pdvantage of the 3-term1nal controller illustrated in Fig. 3, is that iso- 
lation can be accoeodated by opto-electro means, resulting in elimination 
of RFI-induced elements, reduced weight, size, cost, and improved relia- 
bility. 

The design used for prototype units incorporated the 2-term1na1 con- 
figuration, Fig. 2, because of the 1 and 5 Amp rating specified and the 
available 28 volt control voltage. The 3-terminal controller. Fig. 3, 
should be considered in future studies if the resulting slight increase 
in output voltage drop is acceptable. 

POWER CHIP SELECTION 

The output power switching transistor is the only highly stressed 
component in the entire circuit. In the curr. nt limiting mode, it must 
dissipate at a ninimum 105% of rated load X 3/. 5 volts, or 195 watts for a 
5 Amp controller. The chip failure mode is determined by secondary break- 
down characteristics. Power transistor chips with 75 Amp rating failed 
for the 5 Amp rated controller in the current limiting mode due to secondary 
breakdown characteristics. Chip size and geometry, rather than rating, 
determine the secondary breakdown characteristics. Power Tech MT-1010 was 
selected after comparison evalution with several other manufacturers' power 
chips. Power Tech discrete equivalent to the MT-1010 is their P/H PT-7501, 
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POWER DISSIPATION 


While the controller is in short-circuit or current limiting mode, it 
is necessary to dissipate the heat generated in the povier chip to the heat 
sink as rapidly as possible to limit the transistor maximum junction tem- 
perature to a safe value. The problem is complicated by the need to isolate 
the power chip from the controller case to meet the lOOOV dielectric test. 
Further complications arise in that the temperature rise is rapid in the 
event of a short-circuit, and a temperature gradient develops from the 
heat sink to the isolator to the power chip. This develops mechanical 
stresses due to differences betv^n coefficients of thermal expansion of 
the different materials involved. Large power chips are required for rea- 
sons of secondary breakdown characteristics, thus making thermal expansion 
problems more acute. Two methods of power chip mounting were investi- 
gated. One was to mount the chip with hard solder directly to a copper 
surge block of sufficient size to rapidly absorb the heat generated under 
fault conditions, in turn Isolating the copper surge block from the con- 
troller case. Fig. 5. This procedure proved efficient. Another approach 
was to mount the power chip to the metal ized Beryl 11a (BeO), which acts 
both as an insulator and a thermal conductor. The power chip and BeO as- 
sembly is in turn mounted to the copper header making up the case, which 
acts as an additional heat sink. Fig. 6. This method allows for appre- 
ciable weight saving and would be adequate for the 1 Amp controller. How- 
ever, the heat problems are critical for the S Amp controller, and copper 
surge blocks were used for both the 1 Amp and 5 A’lp controllers. 

ISOUTION 

A dielectric withstanding voltage of 1000 vAC (RMS) with a maximum 
leakage of 1.0 mA is required between all input terminals and output ter- 
minals. This applies for control (on-off and reset), short-circuit and 
current limiting interface.and trip Indication. Isolation between control, 
short-circuit and current limiting, and trip indication is not required 
since all of these functions have a common DC ground in most applications. 
They can be isolated at the expense of additional componentry, cost, size 
and weight. Wherever applicable, opto-electro couplers are more efficient 
with respect to cost, size, weight, RFI and reliability than OC-DC con- 
verters utilizing transformers. Care is taken in the use of opto-electro 
couplers to allow for leakage currents at elevated temperatures and expo- 
sures to radiation. 
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CURRENT LIMITING 


The characteristics and mounting of the power transistor ch'p deter- 
mine the current limiting capabilities. It is believed that the ootimum 
available chip has been selected. Its safe operating characteristics are 
illustrated in Fig. 7. Fig. 8 shows the voltage drop across the collector 
and emitter, with an 80 volt supply voltage fc le 5 Amp rated controller. 
A locus of points for 105%, 110%, 120%, 130% anu 140% current limiting con- 
ditions vs their respective voltage drops across the collector-emitter are 
superimposed Cii Fig. 7. These points are in a marginal regio ^ the Safe 
Operating Region curves. The current limiting charac eristic^ of MIL-P- 
81653 are shown in Fig, 9, whioh dictates fold-back cc rent limiting. 

This is not recommended as it does not allow for full rated load to be ap- 
plied under transient voltage conditions. Also, fold-back current Mmit- 
ing has a negative resistance characteristic which may cause s' ’ js in- 
stability (osc't ilatior,' with many reactive loads. 

Analysis of the overvoltage problem yielded the following conclusion. 
The objert ’s to protect the power transistor chip from excessive power 
dissipation and secondary breakdown. The most efficient method of doing 
this is to monitor tha voltage across the power chip itself, rather than 
the supply voltage. With up to 37.5 volts across the controller, full 
curre is delivered to the load. Above that voltage, the controller 
switches off if it is in a current limiting mode, (see Fig. 10) The 37.5 
volt value was selected in order that with an 80 volt line surge, the 
controller would still deliver full rated current to the load. This sys- 
tem protects the power chip only when needed and does not interfere with 
normal operation. If the voltage surge (above 37.5 volts) occureo simul- 
taneously with a short-circuit, the actuator would trip-out immediately. 

If required, a 100 msec delay could be implemented before trip-out and 
still remain within the safe operating range of the power transistor chip. 
The controller will not trip-out under the ine.'eased load currents result- 
ing from the voltage transients of MIL-STD-704 (Fig. ’.I). The time delay 
of 2 to 3 seconds is fixed for all conditions except the combined condi- 
tion of overvoltage and short or near-short conditions, in which case 
the trip-out is immediate (or delayed for lOJ msec if desired). F’g. 12 
block diagram shows the basic function. The controller will be tripped 
after a 2 to 3 second delay if the overvoltage indication is not present. 

In the event of overvoltage, the trip-out is immediate. An overvoltage 
condition can not tr’n the controller by itself, it must be AND func- 
tioned with the controller in the current limiting mode for trip-out. 

Schematic shown in Fig. 13 for the 1 and 5 Amp DC controller illus- 
trates how current limiting and overvoltage projection are accomplished. 
Voltage across current sensing resistor R16 is supplied to operational 
amplifier U4. When over current exists, voltage is applied through emitter 
diode of opto-isolator U2, initating a timing circuit comp ised of Cl, R1 , 
and R2. The output voltage through diode of U2 continues through R19, 

R20 and R17, providing feedback to operational amplifier 1)4 with Q7 being 
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FIG. 9 MIL-P-8IG53 CURRENT LIMITING 
CHARACTERISTICS OF DC CONTROLLERS 
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CURRENT LIMIT MODE 
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FIG. 12 FUNCTIONAL BLOCK DIAGRAM DC CONTROLLFB 
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FIG. 13. SCHEMATIC DIAGRAM - DC CONTROLLER 





biased to fxjt Q6* the poHer transistor. In a constant current mode by v.r- 
tue of the abovenaent toned feedback. After the time delay of 2 to 3 se- 
conds the gate of U3A goes to logic 1, Inhibiting the oscillator c ^'sttrc 
of U3C, U30, C2. C8. Rll and R7. and the push-pull amplifier consist r/j of 
Q5, Q3, Q4, R13. R12 and C3. The trip-out Is latched by virtue of reed- 
tack via CRl. 

The overvoltage sensing circuit consists of opto-lsolator U1, R18 
and CR9. With 37.S volts (36 volts zener and 1.5 volts diode drop of U1), 
current flow through diode of U1 with the transistor of U1 effectively 
short-circuiting R2 of the timing circuit allowing for lnnedlate Inhibition 
of the oscillator If the controller Is in the current limiting mode. Re- 
menber the 37.5 volts Is the voltage across the controller and not the 
supply voltage. 

This circuit offers power transistor chip protection for overload 
and overcurrent conditions. It Is protected against short-circuits In 
normal and overvoltage conditions. It allows the controller to supply 
full rated loads from 1 to 30 volts, and through transients to 80 volts 
with a wider margin against nulsnace trips. It deviates from MIL-P-81653 
controller in that trip-out Is faster under the combined conditions of 
overvoltage and short-circuit. In some schools of thought this Is an at- 
tribute. Regardless, the overall advantages far outweigh the disadvantages 
of the above-mentioned currant fold-tack systems. 

NIL-P-81653 allows fc." current limiting within 150X maxlmun and 105X 
minimum. Current limiting can be accomplished within a 20X band through 
temperature anywhere within the I05X to iSOS range. Its location is op- 
tional. Prototype units were fixed at a IlOX to 130X band. A band of 
130X to 150X would provide greater pass current capabilities without ef- 
fecting nominal load conditions. 
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CONTROL VOLTAGE SELECTION 

MIL-P-81653 control voltage refers to Para. 3.1 . making control 
voltage a specification requirement for a specific controller. A 5 volt 
TTL compatible control voltage has been generally specified. It Is consi- 
dered thatihls control vAltage Is too. low for aircraft and spacecraft use. 
The 2.5 volt threshold between "ON* and "OFF" conditions of the controller 
would be susceptable to voltage- Induced noise. The 5 volt level Increases 
the current requirements for transformer Isolation and power thansistor base 
drive. 

The most efficient voltage to use would be the existing 28 volt bus. 
Translmts can be readily suppressed and voltage levels reduced for In- 
ternal logic functions. The 28 volt supply would prove most efficient 
for transfonaer coupling and opto-lsolatlon. The controller would 
also be compatible with existing 28 volt systems. The 28 volt control sys- 
tem was am>1oyed In the prototype DC controllers after weighing size, cost, 
weight and reliability. 

The purpose of the 5 volt TTL control Is to have the controller oper- 
ated directly from the computer. If direct computer control Is essential , 
then HTL (High Threshold Logic) control voltage levels should be consi- 
dered. HTL was specifically developed for the purpose of noise Imnunlty 
for systems with far less hostile noise environment than aircraft or space- 
craft. HTL has a minimum of 5.0 volt noise Immunity and operates from a 
15 volt supply which would be adequate for transformer coupling and opto- 
Isolators. 

TRIP INDICATION 

Trip Indication can be readily satisfied by either current sinking 
or voltage Indication. . Current sinking can be performed In either one of 
two conditions, light Indication when controller Is tripped or light off 
when controller Is tripped. The latter method has the advantage In that 
It also gives positive Indication that control voltage has reached the 
controller by having the light "ON" In the untripped condition. It has 
the disadvantage that a light turning off is not as distinct a visual 
indicator of a change in condition as a light turning on. This method was 
used in the prototype controllers since the current sinking method of trip 
Indication was to be Investigated, and this method does afford the dual 
function of trip Indication and wiring Integrity to the controller. The 
circuit schematic. Fig. 13, shows how trip Indicating transistor Q2 is 
forward biased from NOR gate output of U3A. By connecting the base of Q2 
to NOR gttp output of U3B, trip Indication with the light going on rather 
than off would be accomplished. 

Trip Indication by means of voltage Indication can be readily per- 
formed by connecting the collector of Q2 through a resistor to the 28 
volt control supply, and Q2 forward biased as an Indication of trip; that 
Is, connecting the base of Q2 to the NOR gate output of U3B. This system 
would give both trip Indication and control voltage wiring Integrity indi- 
cation. By simple circuitry at the receiving point of indication, a lamp 
could be turned on when trip occurs. Voltage Indication would be 28 volts 
no trio and .4 volts tripped. 
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STATliS INDICATION 


An idMl sUtus Indicator Mould show floM of current to the load with 
the controller on. This would indicate wiring integrity to the controller 
and from the controller to the load. A pure voltage Indication at the con- 
troller output does not indicate voltage to the load, only voltage to the 
controller output. It does not Indicate wiring integrity from the controller 
to the load. A status indicator based upon current flow to the load was de- 
veloped. The principal was sinilar to the current Uniting approach des- 
cribe earlier, ie. a voltage differential was detected across a current 
sense resistor in the power line and fed into an operational amplifier which 
biased a signalling transistor. The gain of tiie amplifier was set to detect 
current flow of 50 nA or more. A simplified schematic is shown in Fig. 14. 
Supply voltages for the operational amplifier were from the same source as 
for the operational amplifier used in the current limiting function. Because 
of the limited num^ of prototype units contracted which eliminated hybrid- 
microelectronic manufacturing concepts, it was Impossible to package this 
status indicating circuit in the size package established for the prototype 
units. This status indicating feature could be Incorporated in pr^uction 
warranting hybrid-micorelectronics. 

If ft is desirable to fully isolate a fault to the load, to the controller, 
to control wiring, to load wiring (from the load supply to the controller 
and controller to the load), a load voltage sensor wocld be required at the 
controller load input and controller load output. This would mandate a 3- 
terminal output configuration. 

RESET 


After the controller has tripped, resetting is accomplished by removal 
of control voltage and re-application of control voltage. A seperate reset 
circuit could be imp. ^nented by forward biasing through a coupling capacitor, 
a transistor located between output of U3B NOR gate and input to U3A NOR gate. 
Fig. 13. 'niiS would remove the latch voltage applied to input of U3A through 
diode CRl. 

The time for re-applying control voltage for resetting is 80 msec mini- 
mum. This time is dictated by capacitor C7 of Fig. 13. In addition, the 
capacitor must be of sufficient capacity to filter high voltage transient 
spikes. The 80 msec interval requested before re-applying control voltage 
following a trip-out should not be detremental to circuit function. 

TRANSIENT VOLTAGE PROTECTION 


Control Input Transimts as specified in MIL-P-81653 will not damage the 
controller. The Operating Voltage Transients as specified in MIL-P-81653 can 
be satisfied. The requirements of Transient Spike Overvoltage (± 600 volts) 
of NIL-P-61653 cannot be satisfied. The controller will not be damaged by 
these transients. A ± 600 volt transient applied to the power input terminal 
will be passed to the power output terminal for the duration of the tran- 
sient .' 6^sec.). Power transistors suitable in chip form that would satisfy 
all the re^J^ r emen ts of the power chip are not available with a 600 Vceo rating. 
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FIG. 14. STATUS INDICATOR SIMPLIFIED SCHEMATIC 
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FUSING (FAIL SAFE) 


The fusable link requirement is met by insuring that the bond from the 
emitter of the power transistor is the smallest cross-section conductor in 
the power system. MIL-P-81653 specifies that in the event of a failure of 
the controller in a shorted condition, the controller shall fail open within 
4 seconds when a current corresponding to 50% of the square root cf the spe- 
cified I*t value is applied, namely 18 Amps for the 1 Amp controller and 32 
Amps for the 5 Amp controller. The fusable link requirement was included in 
the prototype controllers. Tests were not conducted to determine exact cur- 
rent/time limits. In flight hardware, this specification can be met. 

The fuse link raises problems of arc extinction and other phenomenon in 
high current fuses, to ensure the desired protection of the spacecraft. The 
proposed metiiod of controlling this is with the use of a stable liquid such 
as silicone oil or a flourocarbon. There has been previous experience using 
these types of fluid for purposes of controlling arcing. There are other 
benefits to be derived from fluid filling. One is the additional heat paths 
due to conduction and convection that tend to equalize temperatures within 
the package and minimize hot spots. This would be particularly beneficial tc 
solid state switches. There are also proven benefits of fluid-filled devices 
with respect to mechanical shock and vibration ccndi cions. Under short dura- 
tion mechanical shock, the fluid acts as a solid and gives support to all the 
components it surrounds. Under mechanical vibration, the oil acts as a vis- 
cous damper for any resonant conditions. Considerations are made for fluid 
expansion under differentials to atmospheric pressure and temperature. 

Fluid filling is proposed for flight controllers, and the possibilities of a 
replaceaWe fuselink should be considered in future studies. 

FOUL-UP PROTECTION 


Since the controller is polarity-sensitive, it can be destroyed in test 
end Installation by Improper wiring, ie. not observing polarities. Diodes 
could be used to protect against this condition, but would constitute a .7 
plus additional voltage drop In the p wer circuit. Diode protection can be 
used in the control and trip-indicating circuits without difficulty. They 
were omitted in the prototype units and can be included in flight units as 
indicated in the schematic. Fig. 13. 

The controller is intended to operate on bi -level control voltages. Slow 
ramp or gradual increase or decrease of control voltage could destroy the con- 
troller. This possible problem area could be eliminated by snap-action on 
turn-on and turn-off, however this feature would be at the expense of size, 
weight, cost and reliability due to the additional components. 

Rapid sequential switching of reset with the controller switching into a 
short-circuit, could be damaging. The controller can be reset once within 
the 80 msec minimum. No positive protection against damage from repetitive 
rapid cycling can be incorporated without extensive circuitry. Functionally, 
repetitive recycling is not required. Caution should be exercised in testing 
and computer programming of the reset function of the controller. 
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FOUL-UP PROTECTION (Continued) 

The controller is designed for considerable abuse. Properly wired, 
tested and Installed. It should prove trouble-free. With the theory, "If 
something can be fouled-up. It will be", the above possible areas of concern 
are noted. 

CIRCUIT SCHEMATIC 


The circuit schematic of the 1 Amp and 5 Air.p dC controller Is shown In 
Fig. 13. The two units are Identical except for Input Impedance and gain of 
the operational amplifier for current limiting. The functions of the sche- 
matic have been discussed under each individual function heading. 

PACKAGING 


The prototype 1 Amp and 5 Amp DC control let's delivered to NASA Manneo 
Sp'cecraft Center consisted of discrete component packaging, with the excep- 
tion of the power trafisiStor chip. The outline drawing of the 1 Amp and 5 
Amp DC controller Is shown In Fig. 15. The method of Internal assembly Is 
shown In Figs. 16, 17 and 18. 

Intensive study was made of packaging for flight hardware controllers 
utilizing hybrid-microelectronic principals. Based on an analysis of the 
circuit complexity and the thermal and environmental considerations, the fol- 
lowing was established as reasonable size and weight targets. 

Size: 1 cu. In. max. 

Weight: 2.5 oz. max. 

The control circuitry will be In one hybrid-microelectronic package. 

Teledyne, through its Microelectronic Operations, has been engaged In 
the development and production of hybrid-mfcroeloctronics for the past nine 
years. Over 500 different configurations have been designed and produced, 
with a total quantity of over 400,000 packages delivered. Teledyne pioneered 
In the technology of manufacturing and testing of these devices in large-scale 
economic production. These hybrid packages have been used In numerous high 
reliability aerospace systems. This has demanded the development of extensive 
100% screening procedures that In some cases exceeded the requirements of 
MIL-STD-883 to ensure the necessary reliability. 

The circuits Involved are both analog and digital and the circuit com- 
ponents Include bipolar Integrated circuits and transistors, FET devices, 
diodes, resistors and capacitors. For digital applications, a package typi- 
cally houses 25 Integrated circuits, with some as high as 32. Por analog 
applications, a typical package may contain up to 70 components with a mix 
of Integrated circuits, transistors, resistors and capacitors. The range of 
power densities has been from 6 watt/in to 32 watts/in and all package de- 
signs have provided for heat sinking In the system application. Since some 
system applications have used from 200 to 1000 of these packages In an extremely 
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FIG 18 CIRCUIT BOARD ASSEMBLY - TOP. DC CONTROLLER 
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dense array, the thermal problem has received considerable attention. This 
extensive background is direct ty and ideally applicable to the specific prob- 
lems of the solid state power controllers. 

Some of the control circuitry will be in the form of MSI integrated cir- 
cuits and it appears the component count to be packaged will be in the order 
of 40. This would exclude the optical isolators and a few additional power 
devices. The mechanical dimensions of the end item power controller esta- 
blishes the size of the hybrid package, but from preliminary estimates it ap- 
pears that a package size of approximately 0.8 inch X 0.8 it.ch X 0.160 inch 
would result. This size package could reascnably acccmniodate the components 
mentioned above, and therefore there would be one hybrid control package per 
power controller. The substrate power dissination is estimated to be in the 
range of % watt. 

The key factors determining the hybrid package design for this applica- 
tion are the reasonably high power dissipations mentioned above and the maxi- 
num heat sink temperature. This dictates that tiiis hybrid package 
must have the lowest possible thermal resistance from the components to the 
heat sink, and rules cut any simple mechanical contact interfaces between 
the substrate and the heat sink. Hie substrate will be beryllium oxide cera- 
mic which has the highest thermal conductivity of any known electrical insu- 
lating material (2.6 watts/CM/®C). The ceramic will be 0.025 incher, iHiich 
will give adequate strength for this size substrate. To implement the maxi 
mum thermal conductivity rule, a copper strip in the order of 0.025 inch tk'ck 
would be brazed to the bottom of the ceramic substrate, providing the best 
possible thermal path to the heat sink. This copper would equal the width 
of the ceramic in one dimension, and extend beyond it in the other dimension 
to engage a support structure for mechanical mounting in the power controller, 
which is also the heat path. This is shown in Fig. 19. 

The ceramic metallization required to provide a base for this copper 
braze operation can be either moly manganese or thick film gold-palladium. 

The advantage of gold-palladium metallizing is that its firing tenperature 
of 900*C causes no warping or introduction of camber to the ceramic, as op- 
posed to the 1540*C firing temperature for moly manganese which can reintroduce 
cambers in the order of 1 mil/inch. which are acceptable but less desirable. 

Therefore, the program would proceed with the thick film gold-pal ladiur 
approach for ceramic meUllization. The exit pads for the package, as shown 
in Fig. 19, would be thick film stripes emerging from under the cover seal 
area, appearing as exposed pads on the ceramic surface along two edges. They 
would be on 0.050 inch centers, which is industry standard, and leads can be 
bonded by either welding or reflow solder techniques. The insulation for the 
cover seal land area is provided by silk-scree d and fired glass inks or 
fired glass preforms, to give adequate insulatcn path to the cover to meet 
the electrical requirements of the specification. Gold-palladium metalliza- 
tion on the top of this glass insulation provides the solder base for cover 
seal. The proposed metallization system for the active portion of the sub- 
strate is a dual system. Gold-palladium ink would be screened on and fired 
to form the component mounting pads. This would actually take place at the 
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FIG. 10. CONCEPTUAL PACKAGING LAYOUT FOR HYBRID CONTROL CIRCUIT ASSEMBLY 




SUM screening operation as the package exit pads. Aluminum would be evapo- 
rated with an undercoat of n1chroa« over the entire active area. The alumi- 
num thickness would be 250 microinches, idtich gives the desired resistivity 
of S milliohms per square. The surface would then be coated with photo re- 
sist and exposed with the desired substrate wiring pattern. 

After developing and processing, the aluminum is protected by resist, 
where the conductive pattern is desired, and the aluminum is bare where it 
is to be removed. The substrate is imersed in an etch bath and the aluminum 
is removed from between the desired conductive strips in the circuit pattern, 
and also from the component bond pads to re-expose the bare gold-palladium 
surface. 

The alaminum system was chosen to allow a monometallic bonding system 
with aluminum dice pads. a1umin«aa wire and aluminum substrate bond areas. 

The advantage of this is the total elimination of potential Intermetal lie 
problaas. This is particularly important in this application since the tem- 
peratures will be in the region of 125®C or slightly higher. «id long life 
at these temMratures is required. 

The dual system with gold-palladium is necessary to provide a solderable 
metallization for component attach, since aluminum is not wettable by solders 
on a practical basis. The role of the evaporated film of nichrome under the alumi- 
com is Uto^old. First, it is routinely used as an Intermediary to strengthen 
the bond between evaporated metal films and either glass or ceramic substrates. 

In this case it serves an Important secondary role of acting as an effective 
diffusion barrier between the alminum and gold-palladium where they are in 
contact. Engineering tests involving thousands of hours at 20QOC indicate 
that the nichrome is an excellent diffusion barrier, and no evidence of inter- 
metallics have ever been found in tiie proposed metallurgical system. 

ComponMt attach technology will follow standard production procedures. 

The component wire bonding will use aluminum wire with ultrasonic welding, 
which is standard procedure. Circuit analysis is routinely done to establish 
electrical current values in the wire bonds to determine wire size require- 
ments. For typical signal type currents. 1 mil diameter wire is used. For 
higher current capability. l-H mil or 2 mil diameter wires are used, and in 
some cases multiple parallel wires have been used. 

The hybrid control package will be covered and hermetically sealed by 
**ormel processes, even though it will be contained in the hermetically sealed 
soHd state controller case. This is to give adequate protection for inter- 
nal handling through screening and environmental test procedures, as well as 
handling during final assembly in the end product. It is also necessary in 
view of the propose fluid filling of the end item device. 

The normal Teledyne high reliability screening procedure will be used 
on a loot basis for all the hybrid packages for this program. These screen- 
ing procedures are listed in detail in Table I. 
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TABLE 1. Screening Procedures for Hybrid Control Circuits 


TEST 

1. Incoaing dice visual Inspection 

2. Post'Hhe attach visual Inspection 

3. Pre -cover visual Inspection 

4. Stabilization bake 

5. Tenperature cycling 

6. Mechanical shock 


7. Hemeticity a) Gross 


b) Fine 


8. Burn-in 


9. Electrical test 

a) DC parameters at 25 *C and at 
max. and min. rated operational 
temperature. 

b) AC parameters at 25*C and at 
max. and min. operational 
temperature. 

c) Final Functional test at 25*C. 

10. External visual 


SCREENING CRITERIA 

Criteria based on MIL-STO-883 
method 2010 test Condition A. 


MIL-STO-883 method 1008 test 
Condition C (150 C) 72 hrs. 

MIL-STD-883 method 1010 test 
Condition C (-65*C) and +150‘C) 
22 cycles. 

MIL-STD-883 method 2002 test 
Condition 6 (ISOOG. % ms) 

5 impacts Y axis. 

MIL-STO-883 method 1014 test 
Condition C, step 1. 

MIL-STD-883 method 1014 test 
Condition A except packages 
are helium filled at seal. 

MIL-STO-883 method 1015 test 
Condition 8 160 hrs. 8 125*C 
junction temperature. 

Per hybrid specification. 


MIL-STD-883 method 2009. 
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TECHNIQUES 

The packaging utilizing hybrid-microelectronics and In accordance with 
MIL-P-81653 concepts is shown in Fig. 20. In this case, the basic assembly 
would consist of the copper heat sink base, power chip, hybrid control cir- 
cuit package and miscellaneous components such as the optical isolators (which 
are themselves h^rid circuits). The hybrid control circuit with Its copper 
heat sink strip is mounted to copper support members which are b-azed to the 
copper heat sink base. It is proposed to use slots in these members as shown 
in the drawing, to engage the copper strip of the hybrid package and solder 
this joint to minimize thermal drops. Any diaphram effects in this eiechanical 
mpunting system would be minimized by fluid filling. 

A deck is provided above the hybrid circuit to provide a mounting board 
for the optical Isolators. These are very low power generating components 
and the increased distance from the heat sink has no adverse thermal effects. 

The method of fluid filling electrical <fev1ces must contend with the temp- 
eratare coefficient of expansion of the fluid, which should be minimized. 

One common method is to fill the device and seal it off at the maximum oper- 
ating temperature or slightly over. In this case, about 125’C. Then aw all 
future operating conditions, there will be less than atmospheric pressure 
within the device, and the differential to atmosphere can never exceed 15 psi 
under any conditions. If the unit were sealed cold, the interior pressure 
would be higher then atmospheric at elevated temperature, and there is no 
limit to the pressure differential that could build up. 

The hermetic seal of the package cover seam would be done prior to fluid 
filling and it is proposed to use either electron beam welding or laser weld- 
ing. The final seal would be accomplished with a pinch-off tube. 

An alternate approach to packaging is shown in Fig. 21, with two signi- 
ficant modifications. First, the terminations are brought out on a surface 
90 from the mounting (heat sink) surface. This affords several benefits: 

a. Increases heat sink area. 

b. Facilitates implementation of jn Integrated Wiring Termination 
System (lUTS). 

c. Improves ease of replacement. 

Secondly, it is proposed to use mounting flanges in lieu of mounting studs 
to further maximize heat sinking. 

Referring to Fig. 21, an L-shaped structure is proposed to provide ri- 
gidity and mechanical strength between the heat sink plane and the lead/ter- 
minal plane. The power switching devices are again mounted on the heat sink 
as discussed previously. The hybrid package is mounted to the heat sink by 
the same structure proposed for the 1 inch cube package, and the transformer 
deck is the same. This package calls for wire exit leads. To maintain her- 
meti city and still provide leads, it is proposed to use a hermetically sealed 
header to bring the leads through the package wall. The external wires would 
be soldered to the header pins and potted for general protection in that area. 
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c|G. 20. CONCEPTUAL PACKAGING FOR 1" CUBE CONTROLLER 
WITH MIL-P-81653 MOUNTING CONCEPT 
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RELIABILITY 


A preliminary reliability prediction analysis has been conducted to de- 
termine the failure rate of DC Solid State Power Controllers using hybrid 
microelectronics for flight hardware. The predictions are based on the ser- 
vice and environmental conditions of the sped ficac ions. 

The approaches and assumptions used consisted of a functional analysis 
of the design. It indicated that the functional blocks in each design as- 
sume a totally serial relationship. This results in a conservative estimate 
of the circuit capability. The basic failure rates of each chip or die com- 
prising the hybrid-microelectronic control package was calculated at the maxi- 
iTKAn hybrid package case temperature of ■•■125'C, which is +5*0 over the speci- 
fied 120*C maximum case temperature of the controller. Thermal analysis of 
the design shows that the use of beryllia substrate and the method of mount- 
ing the HYBRID internally insures a low order of thermal resistivity. For pre- 
diction purposes* the junction temperature of Integrated circuits and sani- 
conductor dice was assured to be at HYBRID case temperature plus lO^C, or 
135°C. This is in accord with recommendations of the RADC Reliability Hand- 
book* Volume II. Failure rates for capacitor and resistor elements was based 
on using -t-1250C as the component ambient temperature. niL-H0BK-217A was 
used as the source of failure rates except as otherwise noted in the discussion 
below. The use of silicone or fluidcarbon oil as a filler within the con- 
troller housing, facilitates heat sinking and provides a dampening effect on 
other environments such as shock and vibration. Therefore* an environmental 
K factor of 1.0 was applied to all calculated failure rates. 

The failure rate for the hybrid-microelectronic control package can be 
estimated by analysing its constituent elements. The I.C. failure rate used 
for this pr^iction was based on life test data published by Fairchild Semi- 
conductor* for devices which have received lOOX burn-in^sc. eening prior to 
usage. That figure is .030 failure per 10° hours (♦135*C junction tempera- 
ture) and is applicable to packaged devices. 

In order to predict the failure rate of the hybrid-microelectronic con- 
trol assembly it is necessary to estimate the intrinsic failure rate of "bare" 
dice by removing the failures of the packaged device which cannot be attri- 
buted to the "bare" die. The approach then is to eliminate the effects due 
to leads* base, package* etc., leaving the failure rate due to dice alone. 

I.C. 's used in Telegyne HYBRIDS are subjected to extensive pre-use screening 
and testing as follows: 


lOOX AC Testing 
lOOX DC Testing 
lOOX Thermal Testing 

100% Optical Inspection (at dice level and again at 
MEMA precover) 


• Microcircuits Reliability Report - Fairchild Smni conductors. May 6, 1969; 
83.8 million part hours (all devices). 
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RELIABILITY (Continued) 

When the intrinsic die failure rates are estimated as outlined, and the 
effects due to extensive screening and Inspection are taken Into account, a 
dice failure rate ef .020 failures per 10® hours results. 

A similar rationale is applicable to other types of dice. Failure rates 
from MIL-HDBK-217 for Mlnutemen quality parts were used to represent intrin- 
sic die failure rates. These rates were normalized for operation at +125 "C 
(capacitors, resistors) and at *135®C junction temperature for semiconductors 
In accordance with factors of MIL-HDBK-217. Table 2 shows the failure rate 
for. 1 Amp and 5 Amp DC Controllers. 
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TABLE 2. 


1 Amp and 5 Amp DC Controller 


FAILURE RATE ESTIMATE 
(Failures per 10® hours) 


QTY. 

C0MR9KfNT 


FR SOURCE 

FR_ 

4 

Integrated C’.C. 

*s)d .010 

1 

.oee 

18 

Rei^itorft, film 


f 

.126 

B 

Cepecitoft* ceremic 

f 

2 

.304 

6 

Diode*, gemerel purpose 

• .oos 

2 

.030 

6 

Transistor* 

• .010 

2 

.060 

3 

Ctiode > Zener 

• .102 

2 

.306 

1 

Rower Transistor 

•2.000 

2 

2.000 

2 

Trensfofmers 

• .200 

2 

.400 

100 

Lead Bonds 

• .00007 

3 

.007 


Suostrete* Frame A Cover 


4 

.004 

24 

External Leads 

• .00005 

5 

.001 


Total Failure Rate 3.318 


Failure Rate Sources: 

1. See discussion above. 

2. Normalized MIL-H0BK-217A, Mlnutemen level failure rates. 

3. Ultrasonic lead bond estimate based on Teledyne and industry data. 

4. Best engineering estimate. 

5. Welded termination estimate based on Teledyne and industry data. 
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TASLE 3. SPECIFICATIONS - Tele<iyne 1 Amp and 5 Amp 
Solid State Power Controllers 


etaijI^rwCNTS 

" 1 AMP pr’reNTffcagg — i 

Tflfftyn* P/N A73-J0004 j 

"TWTif ■. 

Tele^yna P S r7:* !cdci j 

' 

1 ei'^siona! 

M :■ 

! 

j 

ChafavUr'!*»iCi 


1 

CorFiluration 

5sf Fiq. 11 

See Fi«i H 1 

Dimension 

$ft fiq. J* 

See Ftq. 1*- 1 

Enclosure 

Mefinetic Seal 

Hermetic Seal ■ 

Weight 

3u ounces maximum 

3.0 ounces maximum 

Mounting Torque 

15 in. lbs. 

15 in. lbs. 

Thermal Characteristics 
Thermal Resistance Case- 

0.5 C/watt with spe- 

0.5 C/watt with spe- 

to-Sink 

cified mounting torque 

c'^ied mounting torque 

Heat Sink Temperature 
(Design Consideration) 

+118 *C maximum 

+118*C maximum 

Electrical Characteristics 

-54“ to +120*C case 

-54“t0 +12r^"C | 


temperature (unless 

temperature 


otherwise specified) 

Otherwise sf^clfrea' j 

General 

Terminal Arrangement 

GPST (normally open) 

1 

SPST fnermaviy | 

Insulation Resistance 

100 megohr.i minimum 

IGO megohP minimum 

Dielectric Withstanding 
Voltage 

1000 vAC (RMS) 

1000 vAC 

Isolation 

Between control anci 
trip terminals shorted 
and output terminals 
shorted 

1000 vAC (RMS) 
10° minimum 

iOQO vAC (RMS) 

10^ minimum { 

Life (operating cycles) 

Radio Interface 

MIL-STD-461 

MIL-S'-^ 4fJ 1 

Power Dissipation 

(maxinum ? 25“C ambient 

) 

( 

4.5 watt maximu/« 1 

"0N"-rated load 

1.5 watt, maximum 


"OFF" 

.150 watt, maximum 

.164 watt, ma | 
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TABLE 3. SPECIFICATIONS - Teledyne 1 Anp end 5 

Solid State Power Controllers (cont.) 


1 REQUIREHENTS 

1 AMP Dt CONTROLLER 
Teledyne P/N 673-10004 

5 AMP DC CONTROLLER 
Teledyne P/N 673-10001 

r 

Power Circa it 



Supply Voltage 

30 vDC. maximum 

30 vDC. Riaxiraum 

Limits - Curves 1 & 6 

15 vOC. minimum 

15 vDC. minimur 

MIL-STD-704A 



Current (rated! 

1 Ampere 

5 Amperes 

Voltage Drop 

.a volts OC. aiaximum 

.5 volts DC. maximum 

Leakage Current 

lOO/i Amps, maxinun 

500/t Amps, liiaximus 

Current Limiting 

Applicable 

^plicabl 

OC ripple 

St rated load (peak 

51 rated i.ad (peak 


to peak), maximum 

to peak), maximum 

Fail Safe (in) 

1200 

1200 

Transients 



Operating Voltage 

Applicable 

Applicable 

Spike Overvoltage 

Applicable 

Applicable 

Response 



Turn-On Time 

1.0 mSec. maximum 

1.0 mSec. maxiffluin 

Rise Tine 

.1 mSec. minimum 

.1 mSec, fli'nimum 


.5 mSec. maximum 

.5 ir.Sec. maximum 

Turn-Off Time 

6.0 mSec. maximum 

6.0 mSec. maximum 

Fall Time 

.5 mSec. minimum 

.5 mSec. minimum 


5.0 mSec. uiaxinum 

5.0 mSec, maximom 

Trip Free 

Applicable 

Applicable 

Trip-Oci. Tine 



Noi>-repetit1ve Reset 

Applicable (30 seconds 

Applicable (30 seconds 


minimum between resets) 

minimum between resets) 

Repetitive Reset 

Applicable 

1 Applicable 

Trip Indication 



Not Tripped 

Current sink. 0 to 50 mA 

Current sink. 0 to 50 mA 

Tripped 

Open circuit. 0 to 32 vDC 

Open circuit, 0 to 32 vOC 

Control Circuit 
Supply Voltage 



Maximum 

32 vDC 

32 vOC 

Ra;:ed 

28 vDC 

28 «'DC 

Minimum 

20 vOC 

2C vOC 
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TABLE 3. SPECinCATIONS - Teledyne i Ai^p end S taip 
Solid State Poorer Controllers (cont.) 




5 Ar> DC CONTROLLER 

ccouiREKENTS 

1 

1 

Teledyne P/N 673-10004 

Teladyne P/N 673-10001 

T 

Control Circuit (cont. ) 



Tyn-On Voltage 

?A >/UC, minimum 

24 vOC, minimum 

Rate of Change 

.5 vDC/mSec, minimum 

.5 vOC/mSec, minimum 

'urr-Off Voltage 

5.0 vOC, maximum 

5.0 vDC, maximum 

Rate of Chanqe 

.5 vDC/mSec. minimum 

.5 vOC/mSec, ninmim 

Input Current 

20 RiA, maximum 

25 mA» maximum 

1 input Transients 

Applicable 

Applicable 

1 Noise i-’B»nity 

Applicable 

Applicable 

I Reset 

By removing and re-apply- 

By removing and re-apply- 

1 

ing DC control voltage 

ing DC control voltage 

1 Tine to Reset (removal) 

5 mSec. minisxjm 

5 rnSec. miniaxm: 

t 

j 

1 

80 mSec. maximum 

80 mSec, maximum 

! Environmental Characteristics 



Case Temperature 



Operating 

-a-’^C to +120*C 

-54* C to +120’C 

Storage 

-65*C to +150'C 

-65*C to 4^150'C 

Shock 



Mechanical 

40 6‘s for 11.0 *1.0 mSec 

40 G's for 11.0 +1.0 mSec 

Temperature 


-54" C to +I20"C ambient 

1 Vibration 



Sinusoidal (operating) 



G Level 

iS G's. maximum 

15 G's. maximum 

Frequency Range 


5 to ?000 Hz 

Random (operating) 



Power Spectral Density 

0.2 GvHz, maximum 

O.S GVHz, maximum 

Frequency Range 



Acceleration 



Salt Foq 

Applicable 

Applicable 

Humidity 

Applicable 

Appi : cable 

Tempera ture-Al ti tude 



Operating Ambient 



Temperature 

-54‘‘C to +120"C 

-54"C to +12n"C 

Altitude 


Sea Level to 100 K ft. 

Non-Operating Ambient 

k65 C to + 150'*C 

-65"C to +I50*C 

Altitude 

p.65 to 15.4 psia 

0.65 to 15.4 psia 

Explosive Decompression 


Not Applicable 
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TEST RESULTS 


Teledyne 1 A*p K Solid State Power Controller 
P/R 673-10004 


Pin Identification 


<*i‘n No. 


1 

Control Voltage (■«■) 

2 

Signal Common 

3 

Trip Indicator 

4 

P«<er In {♦) 

S 

Power Out (-) 

6 

No Connection 

7 

Test Point (Emitter) 

8 

Test Point (Base) 


Terminal Arrangement - SPST (Normally Open) 


TBT 


RESULTS 

insulation Resistance 

100 megohms, min. 

> 100 megotais 

Dielectric Hithstanding 



Voltage 

1000 vAC (RMS), min. 

>1000 vAC (RMS) 

Isolation 

lOOC vAC (RMS), min. 

>1000 vAC (RMS) 

Power Dissipation 



"ON* (rated load) 

1.5 Witts, max. 

1.0 watt 

-OFF- 

.150 watt. max. 

.003 watt 

Voltage Drop 



Serial No. 1 

.5 volts, max. B 1 Amp 

150 millivolts 

Serial No. 3 

.5 volts, max. B 1 Amp 

250 millivolts 

Overshoot 


<251 

Response 



Serlil No. 1 



Turn ON Time 

1.0 mSec. max. 

2.8 mSec 

Rise Time 

.1 mSec. min.; .5 mSec. oiax. 

.7 mSec 

Turn OFF Time 

6.0 mSec. max. 

1.0 mSec 

Fall Tine 

.5 mSec. m1n.;5.0 mSec, max. 

.5 mSec 

Serial No. 2 



Turn ON Time 

I.O mSec. max. 

2.5 mSec 

Rise Time 

.1 mSec. min.; .5 mSec. max. 

.5 mSec 

Turn OFF Time 

6.0 mSec. max. 

1.0 mSec 

Fall Time I 

1 

.5 mSec. m1n.;5.0 rnSec. max. 

1 

.5 nSec 
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TEST RESULTS (cont.) 


Tele^yne 1 Rap Solid State Po**er tentroller 
PjN 673>100M 


RESULTS 


Leakage Current 
Tine to Rest (renoval) 
Trip Indication 
Not Tripped 
Tripped 

Turn ON Voltage 
Turn OFF Voltage 
Control Voltage 
Rate Of Change 
Control Oirrent 


100/«Rnps. nax. 

5.0 aSec, nln.; 80 nSec, a 

Oirrent Sink, 0 to 50 aR 
Open Circuit. 0 to 32 vAC 
24 vOC, ain. 

5 vDC, aax. 

.5 vOC/juSec. ain. 

20 bA. aax. 


^lOO/uAaps 
80 aSec 

0 to 50 aA 
0 to 32 vDC 
<24 vDC 
<5 vOC 

>.5 vOC^Sec 

12 aA 0 24 vOC 

13 nA 0 28 vDC 
15 lAI 0 32 vOC 


irrent Uniting 

9 25*C 

Serial #1 

Serial *2 

Trip Current 

1.4 Anp 

1.4 Anp 


0-55*C 

1.5 Anp 

1.5 Anp 


9 90*C 

1.3 Aap 

1.3 Aap 

Tine to Trip 0 300S Load 

9 25*C 

4.0 Sec 

4.0 Sec 


0-5S*C 

5.0 Sec 

5.0 Sec 

Tine to Trip 

9 90TC 

3.0 Sec 

3.0 Sec 


30 vDC Supply Voltage 
30 vDC " 

30 vOC - 

40 vOC " 

60 vOC " 

80 vOC " 

40 vOC " 

60 vOC “ 

80 vOC “ 


loot Output Current No Trip 
1501 " ■ C.O Sec 
5001 • - 4.0 Sec 


4.0 Sec 

4.0 Sec 
.02 Sec 

4.0 Sec 
.02 Sec 
.02 Sec 


No Trip 

4.0 Sec 

4.0 Sec 

4.0 Sec 

4.0 Sec 
.02 Sec 

4.0 Sec 
.02 Sec 
.02 Sec 
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TEST RESULTS (cont.) 


Teledyne 1 Aap Solid State Power Controller 
P/H S73-100(M 


Tenperature Tests at -55®C and +90*C 

Note. INilts did not operate satisfactorily atwve 10G*C because of Inproper 
transfonoer core. This can be readily corrected In future units. 

Insulation Resistance All Units Tested Satisfactorily 

Dielectric Hlthstanding Voltage .... 

Isolation ... 

Piver Dissipation • • • . 

Rated Current and Voltage ... 

»'oUage Drop of Rated Current ... . 

Control Input TrcnsItAts 

A single pulse of plus and Minus 100 volts peak aaolltude and lOUyuSec dura- 
tion, repeated 10 tines at 3 second intervals. All units tested satisfactorily. 

A train of 10 pulses of plus and Minus 100 volts peak aeplltude and 100/«Sec 
duration each, repeated 10 tines at 3 second Intervals. All units tested 
satisfactorily. 

Above tests repeated betoieen trip indicator terminal and ground (DC return) 
terminal. All units tested satisfactorily. 

Test Circuit 

The test circuit for DC controllers Is shown In Fig. 22. 
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TEST RESULTS 


Te1e(lyne 5 tan DC Solid State Poner Controller 
P/N 673<10001 


Pin Identification 


Pin No. 


1 

Control Voltare (♦) 

2 

Signal Co— >n 

3 

Trip Indicator 

4 

Power In (+) 

5 

Power Out (-) 

6 

No Connection 

7 

Test Point (Emitter) 

8 

Test Point (Base) 


Terminal Arrangement - SPST (Normally Open) 


TIST 

REQUIREMENT 


Insulation Resistance 

100 megohms, min. 

>100 megohms 

Dielectric Ulthstanding Voltage 

1000 vAC (RMS), min. 

>1000 vAC (RMS) 

Isolitlon 

1000 vAC (RMS), min. 

>1000 vAC (RMS) 

Power Dissipation 



*0N* (rated load) 

4.5 watts, max. 

3.5 watts 

-OFF" 

.164 watt. max. 

.015 watt 

Voltage Drop 



Serial No. 4 

.5 volts, max. 

350 mV P 5 Amps 

Serial No. 5 

.5 volts, max. 

350 mV P 5 Amps 

Overshoot 


<25X 

Response 



Serial Ho. 4 



Turn ON Time 

1.0 mSec, max. 

1.8 mSec 

Rise Time 

.1 mSec, min.; .5 mSec, max. 

.5 mSec 

Turn OFF Time 

6.0 mSec. max. 

1.3 mSec 

Fall Time 

.5 mSec. m1n.;5.0 mSec, max. 

1.6 mSec 

Serial No. 5 



Turn ON Time 

1.0 mSec. max. 

1.6 mSec 

Rise Time 

.1 mSec min. ; .5 mSec, max. 

.35 mSec 

Turn OFF Time 

6.0 mSec, irax. 

1.4 mSec 

Fall Time 

.5 mSec. r.in.;5.0 mSec, max. 

i 

1.5 mSec 
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TEST RESULTS (cont.) 


Teledyne 5 tap Solid State Power Controller 
P/N 673>10001 


ygy 


man 

Leakage Current 
Tlwe to Reset (renoval) 
Trip Indication 
Not Tripped 
Tripped 

Turn ON Voltage 
Turn OFF Voltage 
Control Voltage 
Rate of Change 
Control Current 

S00/4taps, mx. 

5.0 aSec, aln; 80 nSec» max. 

Current Sink. C to SO nR 
Open Circuit. 0 to 32 vDC 

24 vDC. Bln. 

5 vOC. Bax. 

.5 vDC^xSec. Bln. 

25 bA. Bax. 

<S00/uRnps 
80 BSec 

0 to 50 bA 
0 to 32 vOC 
<24 vDC 
> 5 vOC 

>.5 vOC//»Sec 

19 bA 9 24 vOC 

20 bA 9 28 vDC 

21 bA 9 32 vOC 


Current Llaltlng 




Serial f4 

Serial #5 

Trip Current 



9 25*C 

S.9 Abps 

6.1 taps 




9 90*C 

5.2 Anps 

6.0 Amps 




9-55*C 

5.8 Amps 

6.3 Anps 

Time to Trip 9 300t La*d 


9 2S»C 

2.5 Sec 

2.0 Sec 




9 90*C 

2.0 Sec 

1.8 Sec 




9-55*C 

3.0 Sec 

2.2 Sec 

Time to Trip 






30 vDC Supply Voltage 

lOOS Output Current 

No Trip 

Ho Trip 

30 vOC " 

II 

150t 

m m 

2.2 Sec 

2.0 Sec 

30 vOC " 

N 

soot 

ft *• 

2.5 Sec 

2.0 Sec 

m 

m 

150X 

If « 

2.5 Sec 

2.0 Sec 

m 

H 

ISOt 

•• M 

2.5 Sec 

2.0 Sec 

m 

It 

150t 

If II 

.02 Sec 

.02 Sec 

n 

M 

soot 

If II 

2.5 Sec 

2.0 Sec 

n 

II 

soot 

M N 

.02 Sec 

.02 Sec 

M 

M 

soot 

M II 

.02- Sec 

.02 Sec 
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TEST RESULTS (cont.) 


Teledyne 5 Anp DC Solid State Power Controller 
P/N 673-10001 


Temperature Tests at -55 C and +90*C 

Note. Units did not operate satisfactorily above 100*C because of Improper 
transformer care. This can be readily corrected in future units. 

Insulation Resistance 
Dielectric Withstanding Voltage 
Isolation 
Power Uissipation 
Rated Current and Voltage 
Voltage Drop at Rated Current 

Control Input Transients 
A single pulse of plus and minus 100 volt peak amplitude and 100/iSec dura- 
tion, repeated 10 times at 3 second intervals. All units tested satisfactorily. 

A train of 10 pulses of plus and minus 100 volt peak amplitude and lOQ/uSec 
duration each, repeated 10 times at 3 second intervals. All units tested 
satisfactorily. 

Above tests repeated between trip indicator terminal and ground (DC return) 
terminal. All units tested satisfactorily. 

Test Circuit 

The test circuit for DC controllers is shown in Fig. 22. 


All units tested satisfactorily 
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FIG. 22. TEST CIRCUIT FOR DC CONTROLLERS 




AC SOLLID STATE POWER CONTROLLERS 


ZERO AXIS SWITCHING 

It is desirable in solid state switching of AC voltages to have the con- 
troller turn ON at zero voltage and turn OFF at zero current to minimize the 
effects of EMI. By proper gating of the solid state switching element (Triac 
or inverse parallel Silicon Controlled Rectifier), this is readily accomplished 
Continuous switching ON and OFF can be at each half cycle or at each full cycle 

In the switching of AC inductive loads, particularly transformers, care 
must be taken to avoid a DC component being developed in switching. A core 
may be saturated to such an extent that this is possible. Full cycle switch- 
ing minimizes the problem. Full cycle gating is more complex than half cycle 
gating as memory has to be established in the circuitry. The scope of the 
contract was such that hybrid-microelectronic packaging was not feasible. 
Consequently, it was not possible to package the additional circuitry required 
for full cycle switching. A circuit has been developed (Pat. Pending) which 
incorporates a CMOS logic gate In conjunction with an existing circuit to form 
full cycle control. When quantities warrant hybrid-microelectronic assembly, 
full cycle control can be included in optimum packaging. Half cycle zero vol- 
tage switching was used In the prototype units utilizing a unique circuit 
developed by Teledyne and covered by patent #3,648,075. This circuit will be 
discussed in detail later in the report. 

POWER OUTPUT TERMINATION 

MIL-P-8I653 specifies a 3 terminal power output configuration, as indi- 
cated in Fio. 23. The zero voltage switching circuitry developed by Teledyne 
permits a two wire output configuration, as shown in Fig. 24. The arguments 
for or against the two or three wire system are identical for AC controllers 
as those for the already-discussed DC controllers. The main disadvantage of 
the two wire system Is that status indication requires slightly more circuitry. 
The two wire system was employed in the prototype AC controllers. 

POWER CHIP SELECTION 

Three silicon devices are available for AC voltage switching, namely 
Transistors, Silicon Controlled Rectifiers and Triacs. Transistors are sel- 
dom used as they must be connected within a full wave bridge for AC operation, 
resulting in two diode voltage drops plus the voltage drop of the transistor 
itself. They also do not possess the current surge capabilities of Silicon 
Controlled Rectifiers or Triacs. Current limiting would be possible with a 
Transistor switching element where it is not practical with either the Silicon 
Controlled Rectifier or Triac switching element. 

Silicon Controlled Rectifiers used in inverse parallel configuration are 
widely used in AC voltage switching. They are available with high current 
ratings, high voltage ratings and possess high current surge capabilities. 

Care must be used in gating for transformer loads. It is particularly impor- 
tant to ensure that two SCR's are fired exactly at 180° relative to each other. 
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FIG. 23 MIL-P-81653 3-TERMINAL OUTPUT AC CONTROLLER 


57 





TRIP INDICATOR 








POWER CHIP SELECTION (cont.) 

If this is not accomplished, the positive and negative current loops will dif- 
fer in magnitude and a resultant DC will flow through the low impedance of 
the primary of the transformer. 

Triacs (silicon bi-directional thyristors) possess most of tne same fea- 
tures as Silicon Controlled Rectifiers. The distinct advantage is that only 
a single component is required for the switching element, and reduced compo- 
nent count is a major objective in the development of the controller. The 
single gate assists in minimizing DC offset problems, ic is not completely 
eliminated because of inherent small differences that exist within the Triac 
itself when conducting in one direction and then in the opposite d'rection. 

Less componentry is required for zero axis switching with the Triac. The re- 
quired rupture capacity of the speci'^ication can be satisfied with a Triac. 

For higher rated AC controllers, and where very high rupture capacities are 
specified, the inverse parallel SCR's should be considered. Selected Triac 
chips from the 2N5443 family were used for the prototype AC controllers. 

These chips have a 40 Amp continuous duty rating and a 400 Ampere surge capa- 
bility for 1 cycle of a 400 Hz voltage line. A further consideration in selec- 
tion of this particular chip was its center firing gate and glass passivation. 

POWER DISSIPATION 

Since current limiting is not practical in solid state switchin of AC 
voltages, power dissipation requirements are not as rritical aS those for DC 
controllers. The main consideration on power dissipation is through the per- 
iod when overcurrent is detected and trip-out takes place. The AC power con- 
trollers trip-out within one half cycle in the event of a short-circuit. The 
surge capacity of the chip is more meaninqful than power dissipation in short- 
circuit conditions. The one half cycle trip-out does not allow suffi ent 
time for appreciable heat dissipation. As a result, chip mounting si. .lar 
to that shown in Fig. 6 was used in the prototype AC controllers. 

ISOLATION 

Isolation between the load circuit and the control circuit is performed 
by opto-couplers for the control, short-circuit protection and wave- 
form distortion functions. Transformer coupling is used for the trip-cut 
function. Referring to the circuit schematic. Mg. 27, the control function 
in the absence of overload, short-circuit and waveform distortion results in 
both of the inputs of NOR gate U4A to be at ground potential with output of 
U4A high, which is coupled to inputs of U4C with a resulting low output, al- 
lowing light emitter diode of U5 to conduct. This is with a positive 28V con- 
trol voltage applied. With the emitter diode of U5 conducting, the SCR portion 
of U5 is also conducting. At low voltages of the AC power line, Q3 is biased 
OFF. This allows the DC voltage developed by BRl to be passed by the SCR of 
U5 to the gate of Triac Q4, turning it ON. As tne DC voltage increases, Q3 is 
forwarded to biased ON by voltage divider formed by R13 and Rll , shorting the 
gate of the SCR of U5 to ground and turning it OFF. This is the principle 
of zero voltage gating covered by Teledyne patent #3.648,075. The isolation 
circuits of the other functions will be discussed later. 
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SHORT-CIRCUIT PROTECTION 


Short-circuit protection is obtained by developing a voltage across R17, 
full wave rectifying it to DC by means of BR2 and causing a light emitter 
diode of U2 to conduct. This forwai d biases the transistor cf U2 putting a 
logic 1 voltage to input of !1QR gate U4A. As a result, the output cf U4A and 
inputs of U4C go The output of U4C goes high and the Triac is turned off 

instantly, in a hal^ cycle or less. Problems were encountered in testing 
where at a combination of overload current and temperatures above 90^C the 
controller would not trip-out. By either reducing the temperature to 85°C 
or reducing the frequency, trip-out was successful. This failu'^e was con- 
pletely due to the characteristics of the Triac used at 400 Hz. This 
problem can be corrected by selecting a Triac with more favorable 400 Hz 
characteristics. 

CONTROL VOLTAGE SELECTION 

The rationale for control voltage selection is the same for AC contrcllers 
as that previously discussed for DC controllers. 

TRIP INDICATION 

Trip-out time as a function of overload should be within the limits in- 
dicated in Fig. 25. Trip-out is obtained by sensing a current by transformer 
T1 and feeding its corresponding voltage pulses to operational amplifier Ul. 

This fenvard biases Q1 and thrcjgh the timing and shaping circuit consisting 
of R1 , R3, CR2, R2 and C2 , the input of NOR gate U4A is brought to logic level 1, 
This results in the output of U4C going high and turning off the controller. 

Trip indication is obtained by the successive gating of U4A, U4B, U4D 
and eventual biasing of Q2. The logic is such that in a nun-tripped condition, 

Q2 is conducting, and in a tripped condition, Q2 is cut-off. The logic may 
be reversed by connecting the base of Q2 to the output of U4B. A voltage in- 
dication rather than curt'ent sink indication may be accomplished by connect- 
ing the collector of Q2 th ough a resistor to the 28 volt control supply. 

The collector output of 0? is transient protected by R9 and CR4. The trip- 

out is latched by positivi feedback to the output of U4B through CR3 to one 

of the inputs of U4A. 

STATUS INDICATION 

The general rationale for status indication is the same for AC controllers 
as that previously discussed for DC controllers. Status indication was not 
provided in the prototype AC controllers as the scope of the contract did nor. 
warrant the use of hybrid-microelectronics, and it was impossible to add this 
feature in the packaging desired. Status indication could be provided in the 
desired packaging using hybrid-microelectronic packaging concepts. 

A status indication circuit was developed and is shown in simplified form 
in Fig. 26. Current is sensed by toroid transformer T1 (same transformer core 
and primary used in trip- indicating circuit) . It is transformer coupled to oper- 
ational amplif’er Al, forward biasing Q1 ON anu gating G1 high. G1 output 
goes low, oiasing OFF Q2. Current sinking logic could be reversed as described 
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FIG, P5, MU -P-81653 AC POWER CONTROLLER 
TRIP CHARACTERISTICS 



v()f. I Mo; 



in tr1p>out circuit. Also, a voltage level signal could be furnished. An 
anal^ signal with the output of A1 a function of current, could also be 
furnished. 

WAVEFORM DISTORTION 

If the core of an Inductor becomes sufficiently saturated to cause a DC 
of-set or half waving load current conditions, it Is sensed h'j the voltage 
drop across R12 of the schematic. Fig. 27. This causes light emltte*^ diode 
cf opto-isolator U3 to conduct and forward bias ON the transistor of U3, 
jstinr 'J4A high, which through -'4C and US turns power circuit CFF instantly 
n Jesi than a half cycle. 

r.rSET 


Reset of the AC controller Is accomplished by removing and re-applying 
the control voltage as previously described for DC controllers. Control vol- 
tage should be removed a minimum of 100 mSec before re-applying. The controller 
’s latched in trip-out condition under overload, short-circuit and waveform 
distortion fault conditions. 

TRA»:SIENT VOLTAGE PROTECTION 

The power output circuit is protected by the breakdown voltage rating 
of Q4, the power Triac. Further protection Is offered by the filter conslst- 
•.nc of R16 and C5. This filter Increases the effective circuit dv/dt to over 
JG0V//aSec. This R-C network does contribute to higher leakage current. The 
network appears as a capacitive reactance 1.i excess of 30K at 400 Hz. Since 
a low power factor exists between this current and applied voltage, almost no 
pr.wer dissipation occurs either in load or controller output. 

The control Input circuit Is transient protected by R7, CRl and Cl. Cl 
also serves to set the 5 mSec time- to-reset. The trip Indicator circuit Is 
protected by R9 and CR4. 

FUSING (Fall Safe) 

The fusing requirements for the AC controller are met In the same manner 
as previously discussed for the DC controller. 

FOUL-UP PROTECTION 

The AC power controller is not as susceptable to damage by improper wir- 
ing as is the case for the DC controller. A diode which was omitted in 
the prototype AC controllers is shown in the schematic. Fig. 27. This 
offers protection again.st improper wiring of the control circuit. 

AC POWER CONTROLLER CIRCUIT SCHEMATIC 

Tht AC power controller circuit schematic is show.i in Fig. 27. This is 
the circuit of the 1 Amp AC power controller delivered to NASA Manned Space- 
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FIG. 27. AC POWER CONTROLLER CIRCUIT SCHEMATIC 


craft Center/Houston ; Teledyne P/N 673-lOOOS. The block diagram Illustrate 
ing the functions Is shown In Fig. 28. 

PACKA6III6 

The 1 tap AC power controller wes packaged as shown in Fig. 29. An ex- 
ploded view of the assenbly Is shown In Fig. 30. and the bottow and top cir- 
cuit board assewblles are shown In Figs. 31 and 32. 

The 1 tap power controller using hybr1d-«1croe1ectron1c asscably con- 
cepts could be packaged as shown In Figs. It. 20 and 21» where conceptual 
packaging for the DC controller was Illustrated and discussed. 

RELIABILITY 

The rationale In arriving at predicted reliability Is the saae for the 
AC controller as for the previously discussed DC controller. The failure 
rate Is shown In Table 4. 
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TABLE 4. AC POHER CONTROLLER FAILURE RATE ESTIMATE 
(failures per 10® Hours) 


QTT 

COMPONENT 

FR SOURCE 

FR 

2 

Integrated Circuits 9 .020 

1 

.040 

16 

Resistors, Film 

i .007 

2 

.112 

3 

Capacitors 

9 .038 

2 

.114 

3 

Diodes, Gen. Purposed .0(£ 

2 

.015 

3 

Transistors 

9 .010 

2 

.030 

1 

Triac 

Bl.3 

6 

1.300 

3 

Optical Couplers 

B .20 

6 

.600 

2 

Rtttifler Bridges 

9 .02 

2 

.040 

100 

Lead Bonds 

§ .00007 

3 

.007 

24 

External Leads 

B .00005 

5 

.0012 

2 

Diodes, Zener 

B .102 

2 

.204 

1 

Traesfomer 

B .200 

2 

.200 


Substrate, Frame 

and Cover 


.004 



Total 

Estimated Failure Rate 



Failure Rate Sources 

1. See discussion above (Rellabllltyi DC Controllers). 

2. Normalized MIL-KDBK-217A Mlnutenan level failure rates. 

3. Ultrasonic lead bond estimate based on Teledyne and Industry data. 

4. Best engineering estimate. 

5. Welded termination estimate based on Teledyne and Industry data. 

6. Industry normalized life test data. 
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FIG. 28. 




OVERLOAD 


TRIP 


DIAGRAM AC POWER CONTROLLER 
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a n 


[I i i i 


COMPONENT 

/envelope 


FUNCTION 

CHART 


^PR 382 PERFORM. LOIN 
^SOLDER JOINT 


ANODE 
AC RETURN 
^28 V 

^WELD JOINT 
TRIP 

'^2N5445 TR2AC 



PR 381 PERFORM. GATE 


0.062 OIA. X 0.02 DEEP IFLAT BOTTOMI 
TO INDICATE PIN NO. 1 FAR SIDE 



R 364 1 CAN. MODIFIED 


^SOLDER JOINT 



BERYLLIA 
SUBSTRATE 
PR 383 


^TOP BOARD ASSEMBLY 
PR 355 



BEIYVEEN BOARD 
INTERCONNECTS 


BOTTOM BOARD 
ASSEMBLY 
PR 353 



, HEADER ASSEM8^>^ 
PR J501 


NAMEPLATE 

NOTES 

FUNCTION CHART j 


L FOR SCHEMATIC. SEE DRAWING PR 357 

PIN 

DESCRIPTION 


2. FOR OUTLINE DIM. DRAWING. SEE PR 366 

1 

TRIP IND 



2 

INPUT *28 VOC 


AC RETURN 


4 

TEST POINT (Al 

S 

DC RETURN 

6 

TEST POINT (G) 

7 

TEST POINT (if) 

8 

A C HI 


FIG. 30. ASSEMBLY LAYOUT LAMP AC POWER CONTROLLER 

f>9 






FIG 31. CIRCUIT BOARD ASSEMBLY - BOTTOM 1 AMP AC POWER CONTROLLER 
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FIG. 32. CIRCUIT BOARD ASSEMBLY - TOP 1 AMP AC POWER CONTROLLER 
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TABLE 5. SPECIFICATIONS - 1 Amp AC Solid State Power Controller 
Teledyne P/N 673-10005 


ft'EQUIWEHfNTS 

TElT5?iri707TTO5? 

Mechanical and Dimensional 


Characteristics 


Configuration 

See Fig. 29 

Dimensions 

See Fig. 29 

Enclosure 

Hermetic Seal 

Weight 

3.0 ounces max. 

Mounting Torque 

15 in. lbs. 

Thermal Characteristics 

.... 

Thermal Resistance Case-to-Sink 

0.5*C/W with specified mounting 

Heat Sink Temperature 

torque 

(Design Consideration) 

118®C, maximuir. 

Electrical Characteristics 

-54“ C to +120“C c -e temperature 


unless otherwise specified 

General 


Terminal Arrangement 

SPST (Normally Open) 

Insulation Resistance 

100 megohms 

Dielectric Withstanding Voltage 

1000 vAC (RMS) 

IsoUtion 


Between control and trip ter- 


minals shorted and output ter- 


minals shorted 

1000 vAC (RMS) 

Life (operating cycles) 

10® minimum 

Radio Interference 

MIL-STD-461 

Leakage Current 

4 + ,113 mA * 

Power Dissipation 


(maximum 9 25‘’C ambient) 


ON" at rated load 

1.75 watt maximum 

"OFF" 

.311 watt maximum 


• jI3 mA leakage Is due to dV/dT suppression network which appears as a capa- 
citive reactance in excess of 3ff @ 400 Hz. 

Since a low power factor exists between this current and applied voltage, 
almost no power dissipation occurs either in load or controller output. 
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TABLE 5. SPECIFICATIONS - 1 Amp AC Solid State Power Controller (cont.) 
Teledyne P/N 673-10005 


ftEQinRTOTS 

TELEDYNE P/K 6n-iD00? 

1 .. .. 

POWER CIRCUIT 
Supply Voltage 

124 vAC (RMS) maximum 

Limits 1 & 6 of Curve 1 MIL-STD-704A 

98 vAC (RMS) minimum 

Current (Rated) 

1.0 Amperes 

F**equency (Rated) 

400 Hz ±5* 

Voltage Drop 

1.5 vAC (RMS) maximum 

Rupture Capacity 

400 Amperes Peak 

Waveform Distortion 

1.5 vAC (RMS) or 6V Peak 
I‘t = 1200 a 2 seconds 

Fail-Safe 

Transients 
Operating Voltage 

180 vAC (RMS) 

Response 

Turn-ON Time (from application of 
control ) 

2.5 mSec maximum 

Turn-OFF Time (from removal of 
control ) 

2.5 msec maximum 

Trip-Free 

Applicable 

Trip-Out Time 

Appl icable 

Non-repetitive Reset 

Appl icable 

Repetitive Reset 

Applicable 

Trip Indication 
Tripped 

Switch closed, .025 mA maximum 

Not-Tripped 1 

leakage 

Current Sink, 0 to 100 i.iA 

Zero Voltage Turn-ON 

Applicable - half cycle control 

Zero Voltage Turn-OFF 

Applicable - half cycle control 

CONTROL CIRCUIT 
Supply Voltage 
Maximum 

32 vDC 

Rated 

28 vDC 

Turn ON Voltage 

20 vDC minimum 

Rate of Change 

.5 V//uSec minimum 

Turn OFF Voltage 

5 vDC maximum 

Rate of Change 

.5 V/yuSec minimum 

Input Resistance 

2.2 K ohms 
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TABLE 5. SPECIFICATIONS - i Amp AC Solid State Power Controller (cont., 
Teledyne P/N BTS-IOIK'S 


requirements 

______ 

TELEDYNE P/N ‘673-10005 

CONTROL CIRCUIT (cont.) 

! 

Input Transients 

Applicable 

Noise Immunity 

Applicable 

Reset 

By removing and re-applying 


DC control vo' tage 

Time to Reset (removal) 

5 mSec minimum 


100 mSec maximum 

ENVIRONMENTAL CHARACTERIb TICS 


Case Temperature 


Operating 

-54‘C to +120^C 

Storage 

-65^C to +150'C 

Shock 


Mechanical 

40 G's for 11 mSec 

Temperature 

-54 C to +120*’C A.nbient 

Vibration 


Sinusoidal (operating) 


G level 

15 6 maximum 

Frequency Range 

5 to 2000 Hz 

Acceleration 

100 G’s 

Salt Fog 

Applicable 

Humidity 

Appl i cable 

Temperature Altitude 

Applicable 

Operating Ambient Temperature 

-54*'C to +120* C 

Altitude 

Sea level to 100 K ft. 

Non-Operating Ambient 

-54' C to +120"C 

Operating Ambient 

-54 C to +120°C 

Altitude 

.C3 to 15.4 psia 

Explosive Decompression 

Not Applicable 

1 
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TEST RESULTS 


Arp AC Solid State Power Controller 
Te'eGjoe P/h 673-iOOOS 


'‘f% * • r- I p * w r/' • 

i < 1 w' . ^ 1 r 1 Lrt 4 i i ■« 


i PIN NO. 


1 

*> 

3 

« 

5 

6 


FtNCTIGN 


4 


’’ric Ir.ciCctor ! 

Contro’ ♦ZT vOC! 

~r-j^er Ou^ , AC Petjrrij 
Te-st Point , A | 

Cof.tr -( :nput P.eturr j 
"est Pc^rt , G ! 

Te.t Tc-^t . K 1 

Power In . 'C Hig*' | 


; 'I REOuiREHENT 

TEST ' ?^Il.-P-2i653 

I 

i 

j 

RESULTS 

1 

1 

• 

1 

t 

1 

' jEN£P-L .c’> '-r'ess 1 

1 

i 

j 


i 

1 

r.'.ted. ; 

1 


1 


Arranger '-nt 
!niilaticn Cesii ^nce 


-ViTV*11> npen 


i <* n** T 

j l'*?: -egohrs 


100 r»egoiir 5 
100 reqohns 


: Volt^ce to Case 

: r>r vAC (RMS) 1 

150C vAC (P!*: - i 

' .*■: 


1 

Between control ard 


! 

; trip tem:irals shorted 


! 

; and output terrirals 


1 

' shorted 

ICCO vAC (RMS) 

ISOO vAC IPMS) 1 

♦■rtdir Interference 

AddI ' table 

■ 

t:iL-s"c-Aei ) 

. 

i 


Class ID 1 

! Loehacc current 

6 fiA naxinurr 

■‘I jr'ts telcw 2 r.A \ 

! Dower C;sc patior 

, 

1 

4 

i ON 

1./5 watts .raxir-ur 

l.€5 watts ; 

; OFF 

1 

-3iO watt maxirur. j 

1 

1 - - 

.300 watt i 

: -OWE- CIRC,.:'!’ 'a'? urits 

; j 

i 

# 

1 

• r\ot.e^] 

1 

1 

Siiw^ • '* tOl t-dCO 

i 124 vAC (RMS) max. 

A1 1 jr'ts C»' I 

* 

1 93 v.AC (RVS; rir. 

• All jrits Ov 

Cl. * 

1 

J 1 


' Rdiec 

; : pe^e ' 

1 A” ^'-its C' 


; IOC rA 

1 A1: ,rits 'F 



TEST RESULTS - 1 Amp AC Sc’ id State Power Controller (cent.) 
Teledyne F'>. 673-10005 


TEST 

f?5DTRPCNT 

VIL- P-8165? 

. _ .. 

1 

reSULTS 

t 

\ 

®C¥E<i CIRCUI' (cont.l 

rrecjen;y 

«CC hr z,5‘ 

All Units OK 

Voltage Droo 
V lead tc Rated 

!.'■ vtC (RHS) «nax. 

All Units <I.« vAC IRKS) 


Ar: ' • arle 

Not Tested 

Response 



; 0T4 Tiff€ 

! ..f'le :.ax. 

*: cycle Max. 

; OFF TiJ*se 

1 cjcle max. 

\ cycle nax. 

T*-ip-0ut Tire 


Njr.-r 2 petif.ve reset 

2 sec. max. 

<2 sec. all u.iits 

Trio Indication 

• Current S’nk Method 1 


1 

i Tripped . 

! Net Specified 

Open Contact 0-32 vDC 

j Sot Tripped j 

i 1 

Not i.'ecified 

Current Sink O-lOO mA 

f 

I C'NTRCL CIRCUIT (all units 
• unless specified) 

' iuDplj Voltage 

3.5 to B.O vC: 

20 to 32 vOC 

Turn ON Voltage 

3.5 vOC Kin. 

20 vOC Bin. 

Rate c' Change 

.5 vDC/>*Sec min. 

>.i vOCAtSec 

T.. r Off Voltage 

2.5 vOC .’'ax. 

5 vOC max. 

Rate 0 ^ Change 

.5 vOC/>.Sec min. 

>.5 vOCA,Sec. 

Tioe tc Reset 

5 mSec r.in.. 20 nSec rax. { 

3 mSec min., !00 mSec 


; 1 

max. 


control input TRANSIENTS (all units unless noted) 

A single se of plus and rinus 100 volt peav arplitude and 100>uSec duration 
repeated 10 tires at 3 second intervals. All units tested satisfactorily. 

A train of lO pulses of plus and minus 100 vrlt peak amplitude and lCC>.Sec -ra- 
*'or. sict-., repeated tir-es at 3 second intervals. All units tested satisfactorily. 
Repeated above tests oet**een tr-:p terrina- a.^c rontro'. input return tern«ir.al. 
units tested satisfactorily. 
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TE^T RESULTS: 1 Amp AC Solid State Power Controller (cont.) 

Teledyne ?/N 673-10005 


TEHPERATURE TESTS (aV units unless noted) 

The following tssts were made at -55*C and -*‘120*C (unless otherwise 
noted) 

Insu'*c1on Resistant* 

Dielectric Ifithstanding Voltage 
Isolat on 
Leakage Current 

Rated Current and Voltage (-55*C and -*^I25*C) 

Voltage Drop (-55*f, and +125*C) 

Control Circuit (-55*C and +125*0 
Reset Circuit (-55*C and +125*C) 

On the above tests* all units tested satisfactorily. 

Trip-Out under overload (-55*C to +8S*C) 

Note: The Triac chip that was used failed to turn off when an 
overload 9 1250C was applied. The controller operated 
satisfactorily to +850C under all overload conditions. 
This situation can be corrected by using a power ^rlac 
chip of different characteristics. 


TRIPOUT TIME CHARACTERISTICS 

Tripout time versus percentage of overload are shown In Figs. 33, 34, 35 
and 36 for 3 prototype AC controllers. 

Note: Where units failed to fall within the trip-out time versus over- 
load. this situation can be corrected by putting more effort on the 
timing and shaping circuit controlling trip-out. 


TEST CIRCUITS FOR AC POWER CONTROLLERS 

The test ci. cults for AC power controllers are shown In Fig. 37 and 
Fig. 38. 
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POWER CONTROLLER +26®C 
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FIG. 34. TRIP CHARACTERISTICS 1 AMP AC 
POWER CONTROLLER -66'>C 
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FIG, 30. TFilP CHARACTERISTICS 1 AMP AC 
POWER CONTROLLER +860C 






TRUE RMS 
BALLENTINE 330A 



FIG. 38. TEST CIRCUIT FOR SHORT CIRCUIT 




